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ERES TENDING ro ASCERTAIN THE co 
STITUENT PRINCIPLES OF NITROUS Ax. 
* c — | 2 4 18 a > 3 4 , 
As the circumſtances in which any kind of air 1 
. decompoſed tend to diſcover. its compoſition, I 
ſhall under this head recite W 
45 1 nba made bf this kind, | 
52 s EG ION 5 1 65 ; 


ae. s fir 4 þ_ leut 


* 
2 7 4 s , : # n . 


EING'« deltous of Ae l nitrous 

air tended, in any degree, to a fpontaneoug 
decompoſition by long ſtanding only, without be- 
ing in contact with any ſubſtance that could be 
ſuppoſed. to have an affinity with any conſtituent 
Yor. II. | B part 


—— COINS 


1 
* 
+? 
17 
7 
* 
14 
. 
/ * #« 
. 
7 
# 
[] 
[| 
* 
4 
F 
1 
F + 
" 
== ” 
i 
: 
is 
j 
1 
x 
= 
=. 
il 
: 
| G 
* 


— 


j 
1 
| f 
| 
[ 
‚ 
ii 


* r — 
* * 
g n 


——— 
* og 
* 


2 OBSERVATIONS oN Pan III. 
part of it, I filled a large phial with this air, and 


corked it very tight, keeping it for the moſt part 
with its mouth immerſed in a veſſel of water, but 
afterwards neglected it, and ſuffered the water to 
evaporate, However, examining this air after 


about wo years, I found that it had the fame power 


of diminiſhing common air that freſh-made nitrous 


- arr has, It was alſo not more ealily decompoſed 


by agitation in water ; and I woyld obſerve in this 
Place, that 1 have found great differences in the 


readineſs with which nitrous air is diminiſhed,. and 


reduced to the ſtate of phlogiſticated air, by agi- 
tation in water, or by ſimply ſtanding expoſed to 
a conſiderable ſurface of water; a difference de- 


pending on the water, and the impregnations of it; 
but I have not given ſo much attention to theſt · 
Circumiſtances 5 to: havs- diſcovered the, uff of | 


I have obſerved that Eben ir be again 
an open' trough of water preſently after it is made, 
or indeed after it has been kept ſome weeks, it 


will be reduced to a very ſmall quantity, perhaps 


one twentieth of its original bulk; and it will theri 
be wholeſome air. But J find that if it be kept 
a very lang time, its conſtituent principles, as we 
may ſay, acquire a much firmer conſiſtence, and 
that then a remarkably greater proportion of it be- 
comes firſt Phlogiſticated air, and then, by agita- 
flon 1 in water, vhaleſomg air, 

I once 


bd 
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I once obſerved the changes produced in two 
quarts of nitrous air, one from iron, and the other 
from copper, made in November, 1773. On re- 
moving from Wiltſhire to Birmingham, I thought 
proper to put an end to this proceſs, when I found 
no farther change in the bulk of theſe two quan- 
tities of air; that which had been produced from 
iron ſtill occupying two thirds of its original dimen- 
ſions, and that from copper one half. I agitated 
in water a portion of cach of theſe quantities of 
air, without producing any change in their. bulk; 
but they were both conſiderably improved by it, 
ſo that when mixed with equal quantities of freſh 
nitrous air, the meaſures of the teſt were 1,75, 
This I conſider as a pretty remarkable obſerva» 
tion, as-it exhibits a. change- in the conſtitution of 
a body depending upon time only, and which it is 
not yet in nenen . 
agent or inſtrument. 

Both nitrous and inflammable W 
giſton, and, as will be ſeen in its proper place, 
they probably contain nearly equal quantities in 
equal bulks; but as their properties are remark-- 
ably different, their conſtitution muſt be different 
alſo; the phlogiſton which enters into the com- 
poſition of them both being combined in them in 
a very different manner. In ſome caſes nitrous 
. ,, in- 

flammable 
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4 onstxvarions on Part Il]. 
flammable air, but in other reſpects inflammable 
alr is the more eaſily decompoſed of the two. 


The phlogiſton of nitrous air immediately quits 
it on the contact of common air, when it is even 


quite cold, whereas the phlogiſton of inflamma- 


1 
4 
[i 
< 
14 
'E 
4 
; 
10 
a 9 
4 : 


2 


— 
— — 


——— — — ů 
— - _— —_— 8 
a 41 uy — 


ble air will not leave it to Join the common air 
except when it is very hot; but it will be ſeen that 
inflammable air parts with its phl6giſton to the 
glaſs of lead in the compoſition: of flint glaſs in 
circumſtances in which nitrous air undergoes no 
change whatever, I kept a quantity of nitrous 
air in a tube of flint glaſs, hermetically ſealed, 
buried in hot ſand, but not ſufficient to melt the 
glaſs, twenty days without any ſenſible change in 
the bulk or quality of the air. In the upper part 
of one tube filled in this manner there was ſome- 
thing like ſmall - cryſtallizations, but they might 
poſſibly come from a ſmall quantity of the quick= 
ſilver accidentally left in the tube. But whether 
nitrous air will be decompoſed by quickſilver in 
this ſtate of heat and confinement I did not try, In- 
deed I did not examine whether what I yl were 
pPopery eryſtallizations, or not. n 
J kept both nitrous air and ;nflummable air 
very hot in contact with quickſilver with liberty 
to expand, and did not find that either of them 
underwent any change. A quantity of nitrous air 
r . ane ea for three days to a degree 
of 


$a. LY. #17ROVS. 41620 6 


of heat which kept the quickſilver in a ſtate of | 
vapour, the firſt and ſecond days to the ſame quick- 
ſilvex, and the third day to freſh quickſilver; but 
the dimenſions of the air, and its property of af- 
fecting common air, continued the ſame. The 
proceſs is deſcribed in the Introduction. 
The addition of ſteam of water to the nitrous 
air in this ſtate of heat and expanſion made no 
difference in the reſult of the experiment, though 
they continued together upon quickſilver more 
than two hours. The ſmall-alteration that I found 
in the nitrous air might be aſcribed to its having 
been transferred from the trough of water to the 
baſon of quickſilver in a bladder. I varied the 
experiment by confining the nitrous air in a glaſs 
jar inverted in a pan of water, which I made to 
botl, rr ond that the hot ſteam might pervade 
the. Whole maſs of the air, which it effectually did, 
as it appeared by its having expelled a very great 
part of it, After the proceſs, which continued 
about an hour, the nitrous air had loſt nothing of 
its power of diminiſhing common air. On the 
contrary, it ſeemed, to be rather mer, than to' 
mn a 7 
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SECTION Hl. 


Of the Dimianticn of be Air by u Nee 
and Sulphur, and by a Solution of green Vitridl. 


HE diminution of common air by a mix- 
ture of nitrous air, is not ſo extraordinary as 
the diminution which nitrous air itſelf is ſubject to 
from a mixture of iron filings and ſulphur, made 
into a paſte with water, This mixture, as I have 
already obſerved, diminiſhes common air between 
one fifth and one fourth, but has no ſuch effect 
upon any kind of air that has been diminiſhed, 
and rendered noxious, by any other proceſs ; but 
when it is put to a quantity of nitrous air, it 
diminiſhes it ſo much, that no more than one fourth | 
of the original quantity will be left, 
The effect of this proceſs is generally perceived | 
in five or fix hours, about which time the viſible - 
efferveſcence of the mixture begins; and in a very 
ſhort time it advances ſo rapidly, that in about an 
hour almoſt the whole effect will have taken place, 
If it be ſuffered to ſtand a day or two longer, the 
air will ſtill be diminiſhed farther, but only a very 
m — in proportion. to the firſt diminution, 
The 
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The glaſs jar, in which the air and this mixture 
have been confined, has generally been fo much 
heated in this proceſs, that T have not been able to 
touch it. 

Nitrous air thus diminiſhed has not fo ſtrong a 
ſmell as nitrous air itſelf, but ſmells juſt like com- 
mon air in which the ſame mixture has ſtood; and 
it is not capable of being diminiſhed any farther, by 
a a freſh mixture of iron and brimſtone. 

Common air ſaturated with nitrous air is alſo 
no farther diminiſhed by this mixture of iron filings 
and fulphur, though the mixture ferments with 
great heat, and ſwells very much in it. 


phur in nitrous air, I muſt add, that when a pot 
full of this mixture had abſotbed as much as it 


could of a jar of nitrous air (which is about three 


and it continued to abſorb, till three or four jars 
full of it diſappeared ; but the abſorption was ex- 


pot through the water, and admitted freſh gitrous 


ceaſed, But when I ſcraped off the outer ſur- 
face of this mixture, which had been fo long ex- 


poſed to the nitrous "ie abſorbed 
more of the air. 


To the experiments upon iron filings and ſul- 


fourths of the whole) I put freſh nitrous air to it, 


ccedingly flow at the laſt. Alſo when 1 drew this 


air to it, it abſorbed another jar full, and then 
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When I took the top of the mixture which I 
had ſcraped off, and threw upon it the focus of a 
burning glaſs, the ajr in which it was confined was 
diminiſhed, and became quite noxious ; yet when 
I endeavoured to get air from this matter in a jar 
e. I was able 0 procure i or 
nothing. | 

Nitrous air is as 9 diminiſhed: both by i iron 


| filings, and alſo by liver of ſulphur, when con- 


fined in - quickſilyer, as when it is expoſed to 


There is a remarkably quick abſorption of ni⸗ 


trous air by a ſolution of green vitriol, the n | 


culars of which are as follows, 
Having diflolved a quantity of green nd 
and put jt into a phial, with its mouth inverted 


in a baſon of the ſame, and having admitted a 
quantity of nitrous air to it, began to agitate the 


ſolution, i in che ſame manner as in the proceſs for 
impregnating water with fixed air; when I obſerved 
that the nitrous air, in theſe circumſtances, was 
abſorbed much more readily than fixed air is by 
water. I eyen made a, quantity of this ſolution 
abſorb more than ten times its bulk of nitrous . 
air, without any very ſenſible approach to fatura- 


tion. This ſolution became black by this proceſs; - 
but when a ſrl part of it was yiewed by the 


Light 


9 eee it, it looked red. 
The taſte of the ſolution was acid, owing, no 
doubt, to the mixture of nitrous acid, which it 
had acquired, in n enn 
of the nitrous air. 5 
Wben this impregnated ſolution was expoſed to | 
the open air, large green cryſtals were formed at 
the bottom of the veſſel, and all the black colour 
intirely diſappeared. But when theſe cryſtals were 
formed at the bottom of a very tall veſſel, they. 
were much blacker, and did not even become green 
on being expoſed afterwards. to the open air, any 
1 e ce e | 
The ee e eee, ler bee e 
of the cryſtals, were evidently owing to the ſpirit 
of nitre contained in the nitrous air, and ſet at 
5 in its decompoſition. For a ſew drops of 
the acid itſelf produced the ſame Wen in all a. 
ſpects, on this ſolution. 043i 

" Conveiving tharthe peincipelier thaGenhevwmnitns: | 
muſt have ariſen from the affinity, between nitrous: , 
acid and iron, 1 agitated nitrous. air in a natural 
chalybeate water, when it preſently. became of 2 
browniſh colour, e ee e pee 
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I alſo made another experiment in which the 
nitrous acid might ſhow its affinity to iron in a 
manner ſome what fimilar to this. I firſt ſaturated 
a quantity of water with fixed air, then with iron, 
and afterwards impregnated it with- nitrous air. 
The reſult of this experiment was, that the ſolution 
aſſumed a colour between green and yellow; but 
it did not abſorb much more nitrous air than water 
eee, SFB; FT WE or with iron, would 
have done. - 

. which'T had liens made wh 
of in theſe experiments was made from copper, 
but when 1 uſed that which was made from iron, 
which is an ingredient in green vitriol, the effect 
was not at all different. The ſolution of the vitriol 
abſorbed 'this nitrous air with the fame rapidity as 
it did that which was made from copper, and the 
fubſequent phenomena were alſo, in all OP 
the ſame. 

1 then agen nitrous 4 in Ane n big 

and white vitriol, the former of which is known 
to be compoſed of copper, and the latter of zinc. 
The reſult was, that the colour of both theſe ſolu- 
tions became preſently very dark, the former chang- 
ing into a deep green, and the latter into a kind 
of brown. Not more than between one half and 
one third of the air (which was about one fourth 

| I EST of 
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. the "hdid. 3 nods wie» af oils | 
abſorbed in either of theſe caſes, which is very far 
hoy r e I RE On 
the ſame kind of air. No 

It made no difference whether the nitrous air 
was procured from iron or from copper, in any of 
theſe experiments. For the ſolution of green vitriol, 
as I have obſerved, decompoſed nitrous air made 
from iron juſt as readily' as that which was made 
from copper; and, on the other hand, the ſolu- 
tions of blue and white vitriol were affected in the 
very ſame manner by nitrous air made from _ 
per, as by that from iron. N 
e lution of white vitnik depoſited” a white 

and flocculent matter, and then vas tranſparent 
--" waters but, being impregnated with nitrous 
air, it preſently became of as dark a colour as 
when it had been impregnared before ha depo 


was made. 


Spirit of nitre dropped into the ſolution of blue 
or white rake aaron nen. 
colour. 


| All che Gohutions of vitriol Which bad their colour Þy 


changed by the impregnation of nitrous air 'reco- 
vered it again by expoſure to the common air. 


This was evidently effected by the eſcape of that 
phlogiſton, which had contributed to the deepneſs 
| i a of 
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of their colour. To aſcertain this, I filled a phial 
about three fourths full of the ſolution of green 
vitriol, made black by the dggompoſition of nitrous 
air, and after about a week, examining the air which 
had been confined with it, I found it to be ſo much 
phlogiſticated, that one meaſure of it and one of 
nitrous air occupied the ſpace of 1. 92 meaſures. | 
Upon the whole, it ſeems that the greater effect 
of the ſolution of green vitriol in decompoſing 
nitrous air muſt be owing to the ſtronger affinity 
between the ſpirit of nitre and iron, than between 
the ſame acid and copper or zinc. 
They ſeem to ſhow, however, that there is little, 
if any martial earth in nitrous air, at leaſt, that 
ſuch earth exiſting in nitrous air is not combined 
with phlogiſton, or in a metallic ſtate; ſince this 
air -is decompoſed by the nitrous acid in it quitting 
che phlogiſton with which it was already combined, 
in order to unite itſelf to the iron in the ſolution, 
at the ſame time that the phlogiſton which enter- 
ed- into the nitrous air contributes to blacken the 
ſolution. It will, perhaps, however be thought 
extraordinary, that the nitrous acid ſhould have a 
ſtronger affinity with iron than the vitriolic, which, 
on this hypotheſis, it muſt, in this particular caſe, have. 
This effect of the ſolution of vitriol on nitrous 
air helps to explain a Wen, which I had 
3 often 
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often obſerved without underſtanding it. When 
the water in my trough had got impregnated with 
various metallic ſubſtances, that which was con- 
tiguous to the nitrous air, in Jars ſtanding in it, 
would be of à darker" colour than the reſt of the 
water. This muſt have been in conſeq »of 
the affinity between the phlogiſton * in « Hitr6us 
air and the metallic matter diſſolved in the water; 
by means of ſome acid that happened to be "mixed 
with it. At one time, when the water in my trough 
was particolarly foul, and ſeemed difpoſed to make 
a depoſit, I impregnated part of it with nitrous air, 
and the water, by this NG PR became” oy 
a darker colour than hefore. 

To determine whether the Ps aches 
ths the impregnation of the ſolution of green vi- 
triol with "nitrous air depended, in any meaſure, 
upon the ſeeming aftringenty of that ſolution; and 
of chalybeate waters, I impregnated a quantity of 
green tea, which is alſo ſaid to be aſtringent, with 
nitrous air,” but 59 ſenſible change of 51 was 
produced in i e cos 8 

In ͤ my firſt ion I 1 a _ 
ty of circumſtances in which" nitrous air is re- 
markably diminiſhed, in ſeveral of which it paſſes 
through a ſtate in which a candle burns in it quite 
natyrally, and ſometimes with a much enlarged 

flame, 
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flame, and at laſt becomes mere phlogiſticated air, 
In all theſe proceſſes I took it for granted (not 
having examined the air. except when it was com- 
pletely, or, at leaſt, very nearly reduced to one of 
the two ſtates aboye-mentioned) that the approxi- 
mation to its final ſtate of phlogiſticated air was 
equable, ſo that as ſoon as it began to be diminiſh- 
ed, it alſo began to loſe its power of affecting com- 
mon air. I find, however, that, with, reſpect to 
ſeveral of the cauſes of diminution, and perhaps all 
of them, the air paſſes very ſuddenly from the ſtate 
in which it is perfect nitrous air, to the ſtate above- 
mentioned; but that the term at which this change 
takes place is various, as ſometimes two thirds, 
and ſometimes fourteen fiſteenths of any quantity 
on which the experiment is made, will have diſ- 
appeared before any ſenſible change can be ob- 
ſerved in the remainder. I have even; ſometimes 
been inclined to think that its power of affecting 
common air has been rather increaſed than dimi- 
niſhed at che beginning of theſe proceſſes. 

I imagine, therefore, that, as ſoon, as either. che 
nitrous principle, or the phlogiſton which enters 
into the compoſition of nitrous air, is ſeized upon 
by any ſubſtance which has a ſtronger affinity with 
either of them than they have with each other, ſo 
much of che other principle as was combined with 

8 it 
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it is precipitated, ſo. that the air which remains ig | 
not at all altered from what, it was, at leaſt for 3 
conſiderable time. It will appear, however, that 
the ſlower the proceſs is, the greater quantity of 
nitrous air will be preſerved in the ſtate of phlo- 
giſticated air, and the quicker the proceſs, the 
de „ h nnn. 


place. 
21 * the firſt, 56 of..nap-having 
been miſtaken in my former opinion when I Was 
examining ſome nitrous air in which, I had con- 
fined a fowl, in order to preſerve it -as Jong 2 
poſſible. from Puretenton For .chough this t 
mon air quite as much 26 che beſt nitrous «rk 
had ever tried. 

roman Wrong yr ob ona a4 9 
eee reſpect to ſome one cauſe of 
the diminution of nitrous air, I placed a pot of 
eee brim/tone in à jar of nitrous air, and 
let it remain there a whole day, keeping it generally 
warm, near the fire, the ingredients not being good 
of their kind, and not diſpoſed to ſerment. As - 
the diminution proceeded, I kept taking from ir 
ſmall portions of the air, by introducing into it 


a ſmall jar full of water; Which, being emptied 
within the jar, 1 withdrew, filled with. the air from 


within it. - Doing this e I obſerved na 
; N | PO” 
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change of the quality of the air when it was re- 
duced to one third of its original bulk, for it 
retained its re power of fiminiſhing common 
4 
| The next 85 1 found it Airkitiſhad 467 cis 
"Wands ofthe whale, and then a candle burned in 
it in a manner not to be diſtinguiſhed from the 
burning of a candle in common air. But it was 
dot common air; for it was not at all diminiſhed 
by freſh nitrous air, and it affected common ait 
ſo little, that one meaſure of it and one of com- 
mon air oceupied the ſpace of 1 85 meaſures. It 
bad not acquired the peculiar property of fixed 
air, for it did not make lime water in the leaſt de- 
gree turbid, and it bore conſiderable nn hor 
water without being much diminiſhed, - 
The diminution of nitrous air by means of pin 
of nue is effected in the ſame manner; and as 
this diminution was made more quickly, on this 
account, perhaps, it proceeded much farther before 
could perceive any change in it. In one experi- 
ment of this kind, I thought the change took place 
whole, but in another caſe there was no change till 
it was reduced to between one twelſth and an 
eighteenth part, when it was completely phlogiſti- 
cated, © In this mode of diminution I was not able 
to find it in that ſtate in which a candle could burn 
11 A in 
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ai At another time when exaQtly one fiſtsenin of 
the whole remained, it affected common air mani- 
feſtly leſs than freſh. nitrous air; but here again, 
when only one Spy amen it had loft ali 
peculiar property. 

The diminution of nitrous air by the ſolution of 
green vitriol is effected according to the ſame rule. 
I decompoſed nitrous air by expoſing it to be ab- 
ſorbed by the ſolution of green vitriol till about one 
fourth of the original quantity remained, but it af- 
fected common air as much as it had done before | 
any part of it was abſorbed. 
Such, alſo, is the manner i in which ai air is 

diminiſhed in a Hadder., Nitrous air reduced in this 
manner from ten ounce meaſures to two and a half, 

was ſo much altered, that one meaſure of it and 
one of common air occupied the ſpace of 1.75. mea- 
ſures. It then extinguiſhed a candle without any 
appearance of a blue flame. When a little an 
it was abſorbed by the ſame proceſs, I found the 
remainder all phlogiſticated air, not affecting com- 
mon air in the leaſt, Till the nitrous air was re- 
duced, in this manner, to very near one fourth, it 
continued unchanged. _ 

If, however, common air be mixed with nitrous 
air, by which means it becomes in part phlogiſti- 
cated air, the ſpirit of nitre will abſorb the ſuper- 
fluous nitrous air only, and conſequently leaye the 

Vor, II. C e 
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remainder mote diluted with phlogifticated air. x 
put a meaſure and a half of common air to two mea- 
fures of nitrous air, ſo that one meaſure of this 
mixture and one of common air occupied the ſpace 
of 1.36 meaſures. I then put ſome ſpirit of nitre 

to the mixture, and when it had abſorbed one third 
of it, one meaſure of it and one of common air 
occupied the ſpace of 1.8 meaſures. 

I alfo introduced a piece of hot charcoal into a 
phial of nitrous air by which means one half of it 
was abſorbed, and found that the remainder had not 
loſt its power of diminiſhing common air in any 
fenſible degree. The abſorption of all kinds of air 
by charcoal is a very capital diſcovery of the Abbe 
Fontana, which he has been fo obliging as to give 
me leave to mention. 

When nitrous air has been kept a long time in 
water, it is known to be diminiſhed, and in this cafe 
I ſuſpect that it loſes its virtue gradually, being im- 
paired from the firſt. I have found, however, that 
by long keeping in perfectly ſtagnant water, the 
ſurface of which was expoſed to the atmoſphere, and 
without any change, except to ſupply the waſte by 
evaporation, it came to the ſtate of phlogiſticated 
air; but by what ſteps in the proceſs I omitted to 
obſerve, having taken it for granted that this Was 
always equable. Sect 


On 
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On the I ith of November 1773, I filled two 
quart bottles with freſh made nitrous air, one from 
iron, and the other from copper, and then ſet them 
aſide, with their necks immerſed in jars of water, 
and never agitated the air or the water in contact 
with it, only ſupplying the jars with freſh water as 
I perceived it was wanted. On the 29th of Sep- 
tember 1778, I examined the ſtate of theſe bottles 
of air, and found as follows. Of that which had 


and of that from the copper about a third ; but both 
of them were equally and perfectly phlogiſticated, 
making no efferveſcence with common air, and ex- 
tinguiſhing a candle. That which had been made 
from copper did not make lime water turbid, and 
the fame; I doubt not, would have been the caſe 
with the other, if it had been tried. I did this from 
a ſuſpicion, that, ſince fixed air may be compoſed 
from the nitrous acid, nitrous air, in ſome of its 
changes, might, in part, aſſume that form. I had 
not given much attention to theſe bottles of air, but 
I do not think they had been at all diminiſhed the 
laſt year, or the laſt year and a half, 

Pyrophorus alſo decompoſes nitrous air, and pre- 
ſently reduces it to the ſtate of phlogiſticated air. 
Having put a quantity of it into a glaſs jar ſtanding 
inverted in quickſilver, I introduced ſome nitrous air 
to it, when the pyrophorus became inſtantly red 
"oY hot 


been made from iron about one half was abſorbed, 
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hot. What remained of the nitrous air hall no ef- 
fect on common air, and extinguiſhed a candle. All 
this change was effected at once. For though, the 
nitrous air continued in the jar a day and two nights 
after it had been admitted to the pyrophorus, there 
was no farther change in its dimenſions 
Since pyrophorus fires pretty much alike in ni- 
trous and in dephlogiſticated air, theſe two very 
different kinds of air muſt contain ſome common 
element; and this may be either water, or the aci- 
diſying principle. It is moſt probable that nitrous 
air contains both, though in a very different ſtate 
of combination, and in different proportions than 
thoſe in which they exiſt in dephlogiſticated air. 
The willow plant, as I ſhall obſerve, abſorbs ni- 
trous air as well as every other kind of air. What 
were the immediate ſtates of it I did not note, but 
when the air was reduced to one tenth of its bulk, 
I found it to be mere phlogiſticated air. 
Nitrous air, as I have obſerved, is preſently de- 
compoſed by a ſolution of green vitriol in water, 
which, in conſequence of it, becomes of a very 
dark colour; but becomes green again on being 
expoſed to the open air. In this and many other 
properties, the effect is the ſame as that of mixing 
a ſmall quantity of ſpirit of nitre with that ſolution. 


Having impregnated a quantity of the ſolution in 


this manner, I heated it in a glaſs phial, and found 
) that 
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that it gave out half its bulk of pure nitrous alr, 
but when it had loſt its _ n it gave no air 
at all by heat. 

I have afterwards adn this cable of coloup 
to be a criterion of the preſence of a very ſmall quan- 
tity of the martial ſalts in water. When a very little 
of it has been accidently formed, in the courſe of 
'. my experiments, and mixed with the water in my 
trough, I have never failed to diſcover it by the 
dark colour of the water in thoſe jars which con- 
tained nitrous air, This change of colour muſt, as 
I obſerved before, have been produced by the phlo- 
giſton of the nitrous air, the nitrous acid having no 
ſuch effect. This was alſo the caſe with a ſolution 
of copper in nitrous acid; but the change was not 
from blue to a darker colour, . but into green, 

I filled a jar, about an inch in diameter, and 
twelve inches long, with that ſolution of copper in 
ſpirit of nitre which remains after making nitrous 
air, and which is of a beautiful blue colour. Then 
inverting it in a baſon of the ſame, I introduced to 
it a quantity of nitrous air. After ſome time I ob- 
ſerved that the air was conſiderably diminiſhed, and 
that all the ſurface of the liquid in contact with the 
air, to the depth of about a quarter of an inch, was 
of a beautiful green colour. This air kept dimi- 
niſning ſome months, and the green colour of the 
ſolution extended two or three inches within the li- 

C 3 quid 
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quid, At laſt there remained only two ſevenths of 
the original quantity of air ; and, examining it in 
that reduced ſtate, I found it to be mere phlogiſti- 
cated air. Had it been examined in the interme- 
diate ſtate, it would, I doubt not, have been found 
to be of that kind of air in which a candle will burn, 
The experiment was begun on the 4th of October 
1779, . 
| arent 


SECTION I. 
Of the Diminution of nitrous Air by the elefiric Spark, 


* electric ſpark taken in nitrous air, dimi- 
niſnes it to one fourth of its original quan- 
tity, which is about the quantity of its diminution 
by iron filings and ſulphur, and alſo by liver of 
ſulphur without heat, The air is alſo brought by 
electricity to the ſame ſtate as it is by iron filings and 
| 5 8 electrio 
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electric ſpark be taken in it when it is confined by 
water tinged with archil, it is preſently changed from 
blue to red, and that to a very great degree. 
This experiment I have frequently repeated, in 
order to aſcertain more particularly the quantity and 
quality of the reſiduum. In one experiment I re- 
duced half an ounce meaſure of nitrous air, in leſs 
than half an hour, to one quarter of its bulk; but 
then one fourth of it was ſtill nitrous, and the reſt 


: phlogiſticated air. Receiving 1 it in lime Water, there 


ſeemed to be a ſlight precipitation; but this cir- 
cumſtance will perhaps be explained in the following 
experiment. 
I took the electric ſpark 3 in a quantity of nitrous 

air till there remained no more than one third of 

it, and this was completely phlogiſticated, not af- 
fecting common air at all, and extinguiſhing a can- 
dle. A white matter was formed with the mercury 
over which the ſpark was taken, which made the 
water admitted to it extremely turbid. At that 
time I ſuppoſed that this white ſubſtance was mer- 
curial nitre, conſiſting of nitrous acid from the de- 


compoſed nitrous air and. mercury. 1 ſhall now 


examine it more particularly. Why there ſhould 
be more than one third of this quantity of nitrous ' 
air left pure phlogiſticated air, and not one fourth, 

as in che former experiment, L tl 


Ca ed 1a 


24 of sSERVATIONS ON Part III. 

In another proceſs I took the electric ſpark in a 
quantity of nitrous air, till it could be no more di- 
miniſhed; when it was in proportion to its former 
bulk, as 101 to 24. Letting it ſtand all night up- 
on the mercury, it was increaſed to the proportion 
of 115 to 24, ſeemingly by the acid uniting to the 
mercury, and generating more nitrous air, ſince it 
had that ſmell. No water appeared aſter the pro- 
ceſs, and the water admitted to it acquired no acid 
taſte, but an aſtringent one, like water impreg- 
nated with nitrous air. There was a white powder 
formed, as in the former experiments, | 
Thinking to make water imbibe the acid from 
the nitrous air, decompoſed in this proceſs, I took 
the electric ſpark in it with a ſmall quantity of wa- 
ter over the mercury. But even this water did 
not acquire any nexd taſte, but only an altringent 
one. 

It remains to be aſcertained on what principles 
the nitrous air is decompoſed in this proceſs. That 
it is not by means of the heat communicated to it, 
may, I think, be inferred from an experiment, in 
which I made a quantity of nitrous air paſs through 
a red hot tobacco pipe, without producing any 
change in it, Neither does it ſeem to be the ligt 
of the electric fpark, ſince I have heated pieces of 
crucibles in nitrous air by the ſun beams, without 


making any change in it, 


Upon 
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Upon the whole, it may be moſt probable that 
this change depends upon pblogiſton, as it is ſimilar 
to that which is made in nitrous air by the contact 
of iron, and eſpecially by heating iron in this- air. 
There is this difference, however, in the two pro- ' 
ceſſes ; that in that with electricity the reſiduum is 
wholly phlogiſticated air, and the intermediate ſtate 
neee rere ge e M4 e At leaſt 
I have not obſerved it. | 
I afterwards repeated with particular care this ex- 
periment of decompoſing nitrous air by the electric 
ſpark ; from which it appears that, in this proceſs, 
though not in that of heating iron in it by the ſun 
beams, ſome acid is really depoſited from the air. 
But it is ſo little, chat it may perhaps be ſuppoſed 


to have been contained in it, as an extraneous ſub- 


ſtance, not ſeparable from it by ſtanding in water. 
It is alſo to be obſerved that, in this proceſs, I was 


never able to produce any dephlogiſticated nitrous + , 


Whenever the experiment was ſuſpended, the 
* was eee be either nitrous or _ 

In t n to which L gave b 
particular attention, an ounce meaſure and a half of 
nitrous air was reduced to 0.4 of a meaſure by elec- 
tric exploſions, taken in a veſſel of mercury, with 
a little pure water on the ſurface of it; an iron wire 
introduced through the mercury, and into the air, 
being uſed for the purpoſe of taking the exploſion 
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at a proper diſtance. After the greateſt poſſible 
diminution of the air I could perceive no change of 
colour in the water, but after a few hours ſtanding 
it had a purpliſh colour, and after a day and night, 
it was become of a deep red, and very turbid, evi- 
dently from the ſolution of the iron, The water 
was acid to the taſte, but in the ſlighteſt degree ima- 
ginable.; and I could perceive. by the ſmell of it, 
that there was a little nitrous air ſtill contained in it, 
though I could not perceive any redneſs on expoſ- 
ing the veſſel to the open air. A lighted candle 


ow dipped into it, was n, extinguiſh- 


pi” AO circumſtance which I cannot ea- 
eee eren proceſs, After the diminu- 
tion of the air would proceed no farther, I obſeryed, as 
before, that, after ſome time, there was an increaſe of 
the quantity of it, viz, about one tenth of an ounce 
meaſure ; but after this the air was gradually con- 
tracted to its former dimenſions, without * far- 
ther uſe of electricity. 
I repeated this experiment with the ſame 3 
of nitrous air, and it was diminiſhed in about the 
ſame proportion as in the preceding. But examin- 
ing the water before it had been diſcoloured by the 
ſolution of the iron, I could only perceive ſome 
aſtringency in the taſte of it, though it reddened a 
- conſiderable quantity of water tinged blue with the 
ou of turnſole. There was alſo {till ſomething 
nitrous 
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nitrous in the reſiduum of this air. For being mix- 
ed in equal quantities with common air, the ſtan- 
dard was about 1.8. It contained no dephlogiſti- 

cated nitrous air, as it was Wan 
by agitation in water. 505 

Laſtly, I neatly filed a phial, containing about ſix 
ounce meaſures of nitrous air, confined by quick- 
filver ; and taking the electric ſpark within it, it 
was in about an hour diminiſhed about one half, 
but after that very little. The quickſilver was 
much corroded, and a candle went out in the 
remainder of the air, The diminution of common 
air by the electric ſpark requires a good deal of 
time, but this proceſs goes on very rapidly with ni. 
trous air. I repeated the experiment in a tube a 
quarter of an inch in diameter, receiving the ſpark 
upon water tinged blue with the juice of turnſole ; 

and the diminution was ſo quick, that the motion of 
the water up the tube was conſtantly ſenſible to 


the eye. The water was deeply and e & 
red. 


As the dedtri hack cannot be ſuppoſed to com- 
municate ſo much phlogiſton, as the heating of iron 
by the ſun beams, we may be better able by this 
proceſs to aſcertain the quantity of phlogiſton con- 

tained in phlogiſticated air; ſince the reſiduum pro. 

bably contains all the Phlogiſton belonging to the 
nitrous air from which it is made, and if we may 


calculate 
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calculate from the numbers inthe former of theſe ex- 
periments, phlogiſticated air muſt contain about four 
times as much phlogiſton as an equal bulk of ni- 
trous air; or, as appears by my former experi- 
ments, almoſt four times as much as inflammable air 
made from iron by oil of yitriol, or ſteam, of which 
one half is probably phlogiſton, and the other half 


SECTION Iv. 


Of the nitrous Acid produced from nitrous Air, by a 
Decompoſition with common, or depblogiſticated Air. i 


'N order to complete the analyſis of nitrous air, 
the nitrous acid which it is capable of forming 
by means of pure air, and which is a principal in- 
gredient in its compoſition, ought to be more eſpe- 
cially attended to; and it is not difficult, by means 
either of common or dephlogiſticated air, ſo to de- 
compoſe it, as to collect almoſt all the acid that it 
can aſſiſt in forming. And could we apply any 
certain meaſure to aſcertain the ſtrength of this acid, 

we 
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n ee it in this as well as —_ | 
caſe. 

It is well known that awe air is ** 
with as much common air as it can completely phlo- 
giſticate, it is itſelf decompoſed, and eſpecially that 
the acid which it aſſiſts in forming, immediately ap- 
pears in the form of a red vapour, which is abſorb- 
ed by water, if the decompoſition be made over 
water, or imbibed by alkaline or metallic ſubſtances, 
if any ſuch be at hand to unite with it. Now by 
providing a given quantity of water to imbibe this 
acid, formed by a known quantity of nitrous air, it 
will be eaſy to aſcertain the quantity of nitrous. acid 
transferred to the water, by finding how much- ni- 
trous air that acidulated water will yield, by the ſo- 
lution of copper, or any other metal. In this man- 
ner, at leaſt, the ſtrength of the acid may be com- 
FP Eg un} oberg gets 
a fluid form. 

The apparatus for this experiment is very ample, 
and very eaſily applied. I firſt provide a phial of 
a convenient ſize and form for the impregnation of 
the water, which ought to be pretty large, in or- 
der to decompoſe a conſiderable quantity of nitrous 
air at one proceſs; and having fitted a cork to it, I 
perforated the cork, ſo as juſt to admit the nozzle of 
a ſmall funnel, when it is thruſt in pretty hard. I 
then tie this cork in the mouth of a bladder large 


enough 


Part III. 


enough to contain at leaſt half as much air as the 
phial. But if I uſe dephlogiſticated air inſtead of 
common air, for the decompoſition of the nitrous 
air, the bladder ought to contain eee, 
much as the phial. 

——— be madeiich + common air, 1 con- 
vey into the bladder half as much nitrous air as 
the phial can contain; and taking care to diſpoſe 
it ſo that no water that may be in the bladder can 
get into the phial (which is not difficult to manage) 
I withdraw the funnel, and put the cork of the blad- 
der into the phial ; then preſſing the bladder a little 
at firſt, in order to force a little of the nitrous air 
out of the bladder into the phial, the efferveſcence 
immediately begins, and of courſe the diminution 
of the air in the phial ; the conſequence of which 
is, a demand for more nitrous air from the bladder, 
to ſupply the place of that which had diſappeared. 
This again produces a ſtronger efferveſcence ; and 
by this means, after the redneſs has begun to ap- 
pear in the phial, all the nitrous air will preſently 
be drawn cut of the bladder, and be decompoſed 
within the phial; and all the acid that it forms will 
be imbibed by the water in the phial, or by any 
other ſubſtance that ny be placed there for the 
purpoſe. 

Before I endeavoured to aſcertain, by this means, 
the preciſe quantity of nitrous acid furniſhed by a 

given 
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given quantity of nitrous air, I was willing to try | 
how ſtrongly I could impregnate a quantity of wa- 
ter with the nitrous acid in this manner; and 1 
found that I could make four ounce meaſures and a 
half of water receive all the acid that could be 
ſupplied by 300 ounce meaſures of nitrous air; and 
that then the water was become quite blue. But 
water impregnated with the nitrous acid vapour 
either in this manner, or from the ſolution of metals 
in ſtrong nitrous acid, adheres to it very ſlightly, 
and can hardly be prevented from making its efcape. 
It is impoſſible to pour water thus impregnated 
from one veſſel to another, but the copious red 
fumes which iſſue from it, even when the water is 
quite colourleſs, ſhew that it ſuffers a great loſs of 
its acid. A quantity of the impregnated water Mich 
I got in this experiment, equal in bulk to a quantity 
of diſtilled water weighing four penny weights, be- 
ing poured upon copper, yielded only one ounce mea- 
ſure and a quarter of nitrous air. The ſame quan- 
tity of the ſtrong ſpirit of nitre made in the common 
way will yield twelve or fifteen ounce meaſures. In 
order to make my principal experiment with more 
accuracy, I was taught by this to think it neceſſary 
to provide fuch a quantity of water as would be but 
Nightly impregnated, that the loſs by nne 
might be che leſs in * 


5 In 
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In order to compare the quantity of nitrous. acid 
formed by a given quantity of nitrous air, with the 
quantity of acid contained in an equal bulk of red 
nitrous vapour procured by the ſolution of biſmuth, 
I faturated a quantity of water in the method de- 
_ ſcribed above, with as much of the acid as was con- 
tained in a pint phial of nitrous air; and having 
filled the fame phial with the red vapour, I put 
into it the ſame quantity of water, to imbibe that 
vapour; and then pouring all the water impreg- 
| nated with nitrous acid from the nitrous air, and af- 
terwards that which was impregnated by the nitrous 
vapour, upon equal quantities of copper, in a Phial 
fitted with a ground ſtopper, I collected the ni- 
trous air that they yielded, and found them to be ex- 
actly the ſame; and this was one ſeventh of the 
quantity of nitrous air by which the acid had been 
' formed ; ſo that, provided there was no loſs of the 
acid in the proceſs (and I am pretty well perſuaded 
that the loſs could not have been at all conſiderable) 

it may be inferred from this experiment, that the 
nitrous acid which is detained in the ſalt made by 
the ſolution of copper, is ſix times as much as can 
be formed by the nitrous air procured by that ſo- 
lution. 

In order to aſcertain what quantity of nitrous 
vapour I had got in the phial that was filled by 
means of the ſolution of biſmuth, I filled the phial 

a * 
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A 
could determine (but this eſtimate is attended with 
a good deal of uncertainty) and admitting water 
* * found that a little leſs than one half entered 
it; that proportion of its contents having been 
occupied by the nitrous vapour, and the remainder 
by the common air diffuſed through it. Conſe· 
quently, nitrous air does not form quite half ſo 
much nitrous acid as the ſame bulk of red nitrous 
vapour from the ſolution of biſmuth; ſuppoſing 
chat as much red vapour was contained in the phial 
as can, at a medium, be thrown into it. But two | 
o metren Frni ak 
diſtinguiſhed by the eye, when one of them does not 
contain much more than half as much as the other. 
| The ſaturation of water with nitrous acid from 
nitrous air, by means of dephlogiſticated air, makes 
a pleaſing experiment, on account of the great 
quantity of nitrous air decompoſed by this means 
at one proceſs, the quickneſs with which the de- 
' campolition is made, and the viſibly ot of the 
. ſudden impregnation on the water. For he furs 
face of it inftantly becomes, as it were, oily, des 
ſcending in waves from the top to the bottom of 
the water, while nitrous air iſſues plentifully from 
the bottom and ſides of the veſſel; a moſt remark- 
able phenomenon, of which a full account will be 
given in a proper place, 
Vol. II. D 8 SE C- 
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| the air was phlogiſticated air. Having fince that 
ed the iron, which was by this means increaſed in 


tional weight, and water was copiouſly produced, 
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8 ECTION v. 
Of Water in nitrous Air. 


T HAT water enters into the compoſition of 
nitrous air, is not improbable, becauſe it is - 
procured in ſo great abundance from pure water 
impregnated with phlogiſticated nitrous vapour, 
and alſo ftom its not being procured from copper, 
and otlier metals, except in a b e 
of the nitrous acid. 

"That water enters into the conſtitution of every 
kind of air J alfo ſuppoſed, becauſe it certainly does 
into that of imflammable, fixed, and dephlogiſticated 
air. That nitrous air contains water, I have lately 
found from the iron that is heated in it becoming 
a proper finery cinder. TOR, 

1 had found before, that iron heated in nitrous 

air acquired weight, and that what remained of 


time repeated this experiment, and afterwards heat- 


weight, in inflammable air, the iron loſt its addi- 


as in the ſame proceſs with finery cinder, or, as 1 
ſometimes call it, ſcale of iron, " 
g 


Srl. V. NITROUS AIR." Ig 
As nitrous air may be deprived of its water, 
and become phlogiſticated air by heating iron in it, 
I find that it undergoes the ſame change by being 
| y tranſmitted through hot porous earthen 
through which I ſome time ago di 
that vapour will paſs one' way, while the air con= 
tignous to the heated. rabe will paſs'the ocher. why 
I firſt tried this proceſs with turnings of iron in 
the tube, by which means the iron was readily 
converted into finery cinder ; but afterwards I found 

that the ſame change was produced in the nitrous 
air by the hot tube only. The two bladders which 
I made uſe of in this experiment (and by the al- 
ternate preſſure of which I made the air contained 
in them paſs through the hot tube) became red; 
juſt as any bladder does that is filled with nitrous 
air, and then expoſed to the influence of the at- 
moſphere till it becomes phlogiſtieated ait, as may 
be ſeen in my former experiments. In this man- 
ner I now always treat the bladders in which I 


putrefying, and gives ere pon 
ſimilar to tanning. 

That nitrous air contains water, wt this this 
water can contribute to the formation of fixed air, 
is evident from the following experiment. 1 heat- 
ed five grains of charcoal of copper in eight ounce 
meaſures of nitrous air, till it was increaſed to ten 

D 2 ounce 


make experiments on air. It prevents them from 
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ounce meaſures, and the charcoal had loſt one 
grain. Examining the air, I ſound about one 
fifth of it to be fixed air, and the remainder 
phlogiſticated. It ſeems, therefore, that nitrous 


which, when united to dephlogiſticated air, will 
make nitrous acid; and this ſeems to be pure 
phlogiſton, ſince it is found, as the preceding ex+ 
May we not hence infer, that the nitrous is the 
firapleſt of all the acids, and perhaps the baſis of 
all the reſt? 

eee een 0 
the compoſition of nitrous air is neceſſary for the 


without water, produce that change in it. 

Though fixed air, as. I have ſhewn, contains water 
as well as nitrous air, it cannot be deprived of it, 
and be decompoſed, by the ſame means; for I 
have heated iron in it by a burning lens, and have 
alſo made it paſs repeatedly through a hot earthen 
2 — without n 
any change in it. 

That nothing is neceſſary to the formation of 
vitrous- dir beſides phlogiſticated nitrous acid and 
ee cha =p 


umpreg- 


air conſiſts of water, and ſomething that may be 
called the baſis of nitrous acid, or that ſubſtance 


change of it into what I haye called dephlogifticated 


: 
. 
1 
: 
4 
a 
. 
5 
8 
by 
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9 
impregnation o pure water with phlogiſticated 
nitrous vapour, formed by the rapid ſolution of 
biſmuth ; an experiment which I have mentioned 

before. However, to make it in a more unex- 
ceptionable manner, I interpoſed a glaſs veſſel be · 

tween that in which the. ſolution was made, and 
that in which the water to be impregnated with 
the phlogiſticated vapour was contained ; that what- 
ever of the ſolution was diſtilled over by the heat 
of the proceſs (which evidently occaſioned: the drop- 
ping of a blue liquor from the end. of the tube 
through which the vapour was delivered) might 
phlogiſticated vapour could enter the water, it be- 
gan to ſparkle, and yield nitrous air very copiouſly, 
as ſoon as it had acquired a blue tinge from the 
impregnation. This is a very ſtriking experiment 


to: al perſons when chey have ſeen it dhe ftr 
time. 


Nitrous air is alſo produced by pouring a highly 
coloured, or phlogiſticated, nitrous acid into pure 
eee eee, fene 
mne . 1885 
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SECTION VI. 


0 the | Deempfti of nitrous Ar by heating in i 
| Tron or Charcoal, FH | 


ITROUS air es to contain more water 
Y than phlogiſticated air. For when iron is 
heated it, which, by getting water in this proceſs, 
becomes finery cinder; the nitrous air is converted 
into phlogiſticated air, as will be ſeen more diſ- 
hap cron Hot charcoal has a ſimilar effect 
upon it. 

4-deppped a piece n dn ot charcoal ine a 
phial of nitrous air, and immediately inverting it 
in a baſon of mercury, the air was preſently reduced 
to one fifth of the whole. Thus it continued two 
months, without any ſenſible change; after which 
I found that the air that remained unabſorbed did 
not affect common air, nor did the air that was 
emitted by the charcoal, when it was plunged in 
water; ſo that, in both theſe caſes, the air ſeems 
to be intirely deprived of its peculiar Properties, 
and to become mere phlogiſticated ai air, 
| Having heated iron in. nitrous air, I proceeded 
F heat 1 in the ſame air a piece of charcoal, not 


tong 


"I 
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long after it had been ſubjected to a ſtrong heat 
covered with ſand. The fun not ſhining imme- 


diately after the charcoal was introduced into the 
veſſel of air (through the mercury, by which it 
was confined) part of the air was abſorbed; but 
on heating the charcoal the quantity was. ſoon in- 
creaſed. Having continued the proceſs as long as 


I thought neceſſary, I examined the air, and found 


it to be about as much as the original quantity of 


© * nitrous air, but it was all phlogiſticated air, ex- 
tinguiſhing a candle, and having no mixture of 


fixed air in it. At one time, when I dipped a 
lighted candle into it, I thought there was an ap- 
pearance of its containing ſomething inflammable, 
but it was in the ſlighteſt degree imaginable. 
There was, however, evidently ſomething inflam- 
ane eee ae nm 
coal afterwards. - J 280 ii 
r of dotie:dilt aihiengnlly 
there was a ſmall. addition to it, of perhaps a twen- 
tieth part; and being examined, it was found to 
contain two ſevenths of its bulk of fixed air, and 
the reſt was phlogiſticated. This change in ſour 
ounce meaſures of the air was produced by the loſs 
of between one fourth and one half of a grain of 
the charcoal, and the copper was evidently tevived. 5 
That fixed air ſhould be produced in this experi- 
n ] “. 


D 4 . dinary. 
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dinary. In this circumſtance it reſembles the ex- 
periment on the heating of charcoal of W N 
dep rr. 

It i fomerhing remarkible'thet hearing the Fink 
of iron in nitrous air, has the fame effect as heating 
iron itſelf in it, but then much more time e 
ſite to produce the ſame effect. 

I heated a quantity of ſcales: of der aueh 
air till two ounce meaſures and ſeven tenths wert 
reduced to one ounce, meaſure and thirty five hun- 


dredth parts, and then found it to be wholly phlo- 


giſticated air, extinguiſning a candle, and neither 
affecting common air, nor being affected by freſh 
nitrous air. During the proceſs the ſurface of the 


ſcales on which the focus of the lens fell were'af.. 


ſembling that of ebullition, which continued a 
time on the ſame ſpot. No moiſture was produc 
eee eee eee regis 
heated in inflammable air. ne 

- When 1 pas the ſcales which had been ufed in 
this pen ines dikiend- dn 0f-vierhul/ k be- 
came white like milk, and very little air was pro- 
duced, even by means of heat. I got, however, a 
few bubbles; ſo that with good management I 


could-juſt be fure that it was not fixed air, that it 


nei nor was affected by it. 
i 8 EC- 
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SECTION vll. 
Of volatile Alkali procured by Means of nitrous 4ir. 


AVING, for the purpoſe of producing a 

large quantity of that kind of nitrous air in 
which a candle burns with an enlarged, or-with a 
vivid flame, filled a large jar with pieces of iron 
wire, and having repeatedly poured upon-them a 
diluted ſolution of copper in the nitrous acid, at 
length a thick incruſtation was formed upon them: 
and having no occaſion to make uſe of the jar 
for ſeveral months, I took no notice of it till 1 
and de far was burſt uf d m e that 
ſaline incruſtation. 

E of this nttey was: generildy; tht 
being the calx of iron; but there was mixed with 
it a quantity of green matter, which, when broken 
had a ſtrong ſmell of volatile alkali. I then doubt- 
ed whether this aroſe from any of the materials 1 
have mentioned, or from ſomething elſe which had 
got into the jar, unknown to me. If the former 
were the caſe, which, however, at that time, I could 
hardly ſuppoſe, T thought it to be not a little re- 
FR but J have ſince had another oppor- 

unity 


* 
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tunity of obſerving the ſame fact; having examin- 
ed a ſecond jar filled with iron wire, which had 
been treated in the ſame manner, and found the 
ſame ſtrong ſmell of volatile alkali. Alſo I now 
the leſs wonder at this fact, which puzzled me fo 
much at the firſt, as I find, in Mr. Keir's very 
valuable notes to his tranſlation of Mr. Macquer's 
chemical dictionary, that volatile alkali has been 
found in many earthy ſubſtances; and an 
others, in ruſt of iron di diftilled. 

It ſhould ſeem that, in general, the calces of | 
metals contain leſs phlogiſton than the metals them 
| ſelves; and for this reaſon I was originally led to 
conclude, that nitrous air expoſed to iron, which is 
evidently turned to 74/t, or a calx in it, had received 
phlogiſton from the metal ; and I therefqre termed 
the nitrous air that had been ſo treated phlogiſticated 
nitrous air. 1 now think it moſt probable that this 
ruſt of iron contains more phlogiſton than the iron 
itſelf, and that the nitrous air, in which, after this 
proceſs, a candle burns better than in common air, 
is properly termed 4 dapblogiſticated nitrous air, 
having parted with its phlogitton to the iron. 

Having found that iron which had long ruſted 
in, nitrous air, gave out a ſtrong ſmell of volatile 
alkali, I afterwards repeatedly obſerved the ſame, 
and alfo ſome other curious particulars R t | 
the experiment, 
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In all the caſes in which I had before obſerved 
this ſmell of volatile alkali, the iron had been ex- 
poſed to the nitrous air a very long time. But 
this effect is produced much ſooner by putting the = 
iron into a weak ſolution of copper in the nitrous 
acid, ſuch as remains aſter making nitrous air, and 
ſuch as I now.] commonly uſe in order to procure 
dephlogiſticated nitrous air. A phial containing 
ſome of this iron, which had been uſed not more 
than once for this laſt mentioned purpoſe, having 
been kept cloſe corked about two months, was acci- 
dentally broken; when ſome pieces of the iron 
were found covered with a green ruſt, and theſe 
had a ſtrong ſmell of volatile alkali. 1 0 a 

Time, however, is requiſite to produce this ef- 
fect, I put ſonie of this iron (which was of the 
turnings) moiſt, from a ſolution of copper in the 
nitrous acid, into a phial ; and ſtopping it cloſe, 
left it to ſtand with its mouth immerſed in water. 
At that time it had no ſmell, nor had it any a 
month afterwards ; but examining it again after , 
two meme the ſmell of volatile alkali was pretty | 
ſtrong, - 

Haring-in an early period of my experiments, | 


been much ſtruck with the change of nitrous air, 


in conſequence of the contact of iron, I kept ſeve- 
ral large bottles filled with ſmall pieces of iron, | 


which 1 occaſionally ſupplied with nitrous air. 


The 
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The bottles ſhould be ſtrong ones, becauſe the iron 
in ruſting ſwells, and is apt to break the phials, 
though 1 do not know that this ever happened 
except when the iron was quite dry. The con- 
ſequence of expoſing nitrous air in this manner 
had always been, in the firſt place, a diminution of 
ſomething more than one third of the quantity of 
it, in which ſtate a candle would burn in it with 
an enlarged flame; and when well waſhed in water 
it would be farther diminiſhed about one half, when 
the remainder would be phlogiſticated air. I had 
never obſerved any increaſe of air in theſe bottles, 
though ſome of them had been uſed a longe time. 
But having neglected one of them about a year 
(though the mouth of it had always been kept 
immerſed jn water) I caſually obſerved, that bub- 
bles of air occaſionally iſſued from it. This fur- 
prized me very much, as I imagined it had not 
been half filled with air; and placing a veſſel to 
receive theſe bubbles, in about a week or ten days, 
I got about the quantity of an ounce meaſure. 
It contained no fixed air, but was all ſtrongly in- 
flammable, and when I analized it, it appeared 
to be of that kind into which alkaline air is con- 
verted by heat. 7 

It ſeems as if the phlogiſticated air which is 
ultimately produced in this proceſs, had been de- 
compoſed in theſe circumſtances, ſo as to form this 
I inflam- 
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ſtandard was 1.1; and of the latter 0.98, Neither 
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inflammable air, but on what principle this ſhould 
take place, I cannot imagine. 


In order to make a compariſon hand the 
inflammable air produced from this bottle, and 
that which had been made from alkaline air, 1 ex- 
ploded equal meaſures of each of them with equal 
quantities of the ſame dephlogiſticated air, the ſtan- 
dard of which was o. 3. When I made the ex- 
ploſion with the inflammable air from alkali, the 
firſt diminution was to 1. 2, and with that from 
the bottle it was 1.1: Of the former reſiduum che 


of them contained any portion of fixed air. On 


the whole, the reſemblance between theſe two kinds 


of air was ſo great, and the difference between 
them ſo ſmall, that they may be concluded to have 
ee apron. 3 14 
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SECTION VIII. 


General Obſervations on the itte 2 ng of 
nitrous Air. 


HERE is no kind of air, the conſtituent 
principles of which ſeemed to be more clear- 
ly aſcertained than thoſe of nitrous air, by thoſe 
philoſophers who admitted the doctrine of phlo- 
giſton, We took it for granted, that it conſiſted 
of nitrous acid and phlogiſton. In'an early period 
of my experiments I endeavoured to aſcertain the 
quantity of acid contained in it. Mr. Kirwan has 
done the ſame, and Mr. Cavendiſh alſo has con- 
ſidered it as containing a very concentrated / nitrqus 
acid. I had no doubt on the ſubject till I read 
the work of Mr. Metherie, who aſſerts that nitrous 
air contains no proper nitrous acid, but only one 
of the elements of it, the other being dephlogiſti- 
cated air, which had before been conſidered by Mr. 
Lavoiſier as the principle of all acidity. 
Among other obſervations -in ſupport of his aſ- 
ſertion Mr. Metherie has the following, Nitrous 
air burned together with inflammable air, produces 
no nitrous acid, p. 145. T hough nitrous air is obtained 
from 
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Gain a ſolution of mercury in nitrous acid, almoſt all 

the acid is found in the ſolution, p. 146. Nitrous air 
. abſorbed by marine acid, does not make aqua regia, 
p. 15 3. He is of opinion that a ſmall portion of the ni- 
trous acid being decompoſed, furniſhes a pure air, fo 
altered that, uniting with inflammable air, it 2 
it into nitrous air, p. I 50. 

As to this hypotheſis of Mr. Metherie, 1 can- 
not ſay that I well underſtand it; but, being ſtruck 
with his obervations, I began to review the experi- 
ments which I had formerly made on this kind of 
air, and could not recollect any of them in which 
it appeared that real nitrous acid was produced, 
except when nitrous air was combined with de- 
phlogiſticated air, beſides the experiment in which 
it was decompoſed: by the electric ſpark, which 
furniſhes a ſtrong objection to this hypotheſis. In 
every other view Mr. Metherie's theory appeared 
to me not improbable, and led me to make the 
following experiments, which though not deciſively 
in favour of it, may deſerve conſideration. They 
will at leaſt ſhew that, if there be all the elements 
_ of nitrous acid in nitrous air, they muſt, together 
with an additional portion of phlogiſton, exiſt in 
0 W hg cy 
ceſſes. : 
When nitrous air is decompoſed by iron, or by a 
mixture of iron and ſulphur, I have obſerved that 
the 
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the water over which the proceſs is made, acquires 
no acidity by it ; but I had ſuppoſed that all the 
acid had been ſeized by the iron. Having by me 
a conſiderable quantity of this iron, which had been 
reduced to a perſect ruſt in nitrous air, and which 
1 knew muſt have imbibed more than its weight 
of this air, I thought that I might get the acid out 
of it by diſtillation, if it contained any. But a 
quantity of this ruſt of iron, carefully diſtilled in an 
earthen retort, yielded neither nitrous air, nor ni- 
trous acid, at leaſt in any quantity that could favour 
the common hypotheſis. For beſides the air (of 
which an aceount will be given in its proper place) 
| ſome ounces of this ruſt yielded only a few drops of 
liquor, which was not ſenſibly acid to the taſte, and 
when poured into a little water, tinged blue with 
the juice of turnſole, barely turned it red. But ſo 
ſlight a degree of acidity. as this might have come 
(and I have no doubt did come) from the union 
of nitrous air with «hoſe bubbles of common air 
which could not be excluded from the veſſels con- 
taining the iron, in the many times in which I 
changed the air, when I ſupplied them from time 
to time with freſh nitrous air; ſo that the great 
maſs of nitrous acid which ought to have been de- 
poſited in this iron muſt have been concealed in 
the phlogiſticated air, which is generally about 
one fourth of the original quantity of nitrous air. 

This 
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This brown ruſt (become fo by expoſure to PE air,. 


which it imbibes) became black by the expulſion 
of its air and water; and exactly reſembled that iron 
ore which is found in the form of a black ſand. 

I then endeavoured to decompoſe nitrous air by 
heating iron in it with a burning lens; and in this 
proceſs I ſucceeded much beyond my expectation; 
For the air was preſently diminiſhed in quantity, 
while the iron became of a darker colour, was 
ſometimes melted into balls; and gained conſider- 


able weight. It had no appearance, however, of 


containing any nitrous acid; and yet water - tinged 


with the juice of turnſole introduced into the veſſel, 


and agitated in it after the proceſs, nn 
its colour. 
; In the kun experiment the original quantiey of . 
trous air was diminiſhed to about one third, and 
after this it was increaſed. | But then I found that 
when I had got to the extreme of diminution, there 
began to be an addition made of inflammable air 
from the iron ; for this was evidently fo: It Was 
alſo obſervable that there was either ſome pure air, 
or dephlogiſticated nitrous air, in what remained of 
this proctſs, For when a meaſure of this reſiduum 
was mixed with an equal meaſure of common ni- 
trous air, they were reduced to 1:7. I ſuſpect, 
however, that this was owing to a quantity of de- 
phlogiſticated nitrous air r being formed by this pro- 
Vor. I. E cels, 
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ceſs, as it is ſimilat to the ruſting of iron in nitrous 
air. 

In another proceſs of this kind, I reduced fox 
ounce meaſures of this air to three, and this was 
wholly phlogiſticated air, extinguiſhing a candle. 
J alſo heated iron in ſeven ounce meafures and a 
half of nitrous air, till it was reduced t6 3.7 mea- 
ſures, when it appeared to be perfectly phlogiſticated 
air. The iron had then gained two grains and a 
quarter in weight, and at this time I obſerved that 
there was not the leaſt appearance of moiſture pro- 
duced in the courſe of the experiment. 

_ © Then recollecting chat, in my former experi- 

ments, Homberg's pyropfiorus had taken fire in 
nitrous air, I made a quantity of this ſubſtance, and 
repeated the experiment with the greateſt care. 
But when nitrous air was decompoſed by this means, 
1 faw no reaſon to think that any nitrous acid had 
been formed. In this proceſs the nitrous air is rea- 


dily diminiſhed to about one half of its bulk, after 
which nothing nitrous is found in it, but a portion 


of dephlogiſticated nitrous air; as appears by its 
being much more readily abſorbed by agitation in 
water than nitrous air is. But neither the ait, nor 


any thing that can be expelled from the pyrophorus, 


diſcovers any ſign of containing nitrous acid. 

Having ſaturated a quantity of pyrophorus with 
nitrous air in an — which by this means 

decame 
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became very hot; I admitted water to it ; and dif- 


tilling the pyrophorus with this water, the liquor 
that came from it would not change the colour of 
the juice of turnſole; and the air which came af; 
terwards was of the ſame kind with that which is 

always expelled from pyrophorus after it has been 


burned in the open air, viz. party fixed air, and 


partly inflammable. 
I ſhall juſt mention ſome farther particulars of 


= another experiment of this kind, though it was made 


long before I had the views which led to thoſe now 
mentioned. Having ſaturated about two ounce ' 
meaſures of Homberg's pyrophorus with nitrous air, 
I obſerved that it had imbibed about four times its bulk 
of the air. This pyrophorus was of a kind that did 
not burn readily in the nitroys air, or I believe in 
common air, without external warmth, Having 
withdrawn it from the nitrous air, it took fire again, 
but with more external heat. Then putting it into 
an earthen retort, I expelled from it ninety ounce 
meaſures of air, a very ſmall proportion of which 
was fixed air. yang eee 
ed a candle, and were of the ſtandard of 1.7, and 

the latter of 1.55, burning with a lambent blue 
flame. Three days after this, being taken out of 
the retort (the mouth of which had been all the time 
immerſed in mercury) a ſmall part of it took fire. 


N I obſerved it then weighed 416 grains, and the next 


morning it weghed 438 grains, | 
3 --.. "Tana 
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There is ſomething very remarkable in this ſub- 
ſtance burning equally well in two ſuch very dif- 
ferent kinds of air as nitrous and dephlogiſti: 


In my forinet experiments I found that the juice 
of turnſole became red by being impregnated with 
nitrous air. I found, however, that this muſt have 
been owing to ſome extraneous acid that was mixed 
with it. For when I took nitrous air that had ſtood 
long in water, and transferred it into a veſſel of 
mercury, T impregnated with it water tinged with 
the juice of turnſole, without producing any change 
in its colour. 

I have alſo obſcrved that ane air admitted to 
nitrous air, made a whitiſh cloud in it. But this 
muſt have been owing to the ſame cauſe; the ni- 
trous air in that experiment having been probably 
freſh made. For in the nitrous air which had been 
long confined by water, the mixture of alkaline air, 
did not produce the leaſt cloud. I perceived, how- 
ever, that after the two kinds of air has been toge- 
ther a day or two, there was a ſmall quantity of a 
very deeply tinged blue liquor in the ſpace between 
the mercury and the glaſs ; which ſhows that there 
was copper diſſolved in the nitrous air, and that it 
continued there after the extraneous acid was ſepa- 
rated from it. On this _ the volatile alkali 
had ſeized, | 


' | Not- 
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. Notwithſtanding theſe reſults, when the electric 


b. 
if ſpark was taken in the very ſame nitrous air, with 
tis which the preceding experiments. were made, the 


Juice of turnſole by which it was confined, preſently 
became red. is circumſtance deſerves to be 
examined with care, as it ſeems to be deciſively in 
favour of the nitrous air containing all. the neceſſary 


elements of nitrous acid, 
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. 


OF DEPHLOGISTICATED NITROUS AIR. 


SECTION I. 
Of the Diſcovery of dephlogiſticated nitrous Air, by 
expoſing Iron fo nitrous a: 


\ fixed air united to water diſſolves iron, I had 
the curioſity to try whether fixed air alone 
would do it ; and as [ then ſuppoſed nitrous air to 
be of an acid nature, as well as fixed air, I, at the 
fame time, expoſed a large ſurface of iron to both 
the kinds; firſt filling two eight ounce phials with 
mails, and then with quickſilver, and after that diſ- 
placing the quickſilyer in one of the phials by fixed 
Ar, and in the other by nitrous air; then inverting 
them, and leaving them with their mouths immerſed 
in baſons of ca 


in 
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In theſe circumſtances the two phials ſtood about 
two months, when no ſenſible change at all was pro- 
duced in the fixed air, or in the iron which had been 
expoſed to it, but a moſt remarkable, and moſt un- 
expected change was made in the nitrous air; and 


n purſuing the experiment, it was transformed into 


a ſpecies of air, with properties which, at the time 
of my firſt publication on this ſubject, I ſhould not 
have heſitated to pronounce impoſſible, wiz. air in 


which a candle burns quite naturally and freely, and 


which is yet in the higheſt degree noxious to animals, 
inſomuch that they die the moment they are put 
into it; whereas, in general, animals live with little 
ſenſible inconvenience in air in which candles have 
burned out. Such, however, is nitrous air, after it 
has been long expoſed to a large ſurface of iron. 

It is not leſs extraordinary, that a ſtill longer con- 
tinuance of nitrous air in theſe circumſtances (but 
circumſtances to be aſcertained with æxactneſs) makes 
it not only to admit a candle to burn in it, but en- 
ables it to burn with an enlarged flame, by another 


flame (extending every where to an equal diſtance 


from that of the candle, and often plainly diſtin- 
guiſhable from it) adhering to it. Sometimes I 
have perceived the flame of the candle, in theſe cir- 
cumſtances, to be twice as large as it is naturally, 
and ſometimes not leſs than five or ſix times larger; 

E 4 aud 
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and yet without any thing like an exploſion, as in the 
firing of the weakeſt inflammable air. 

Nor is the farther progreſs in the tranſmutation of 
nitrous air, in theſe circumſtances, leſs remarkable. 
For when it has been brought to the ſtate laſt men- 


tioned, the agitation of it in freſh water almoſt in- 


ſtantly takes off that peculiar kind of inflammability, | 
ſo that it ext po 64 a candle, retaining its noxious 
quality. It ſometimes retains its power of di- 


miniſhing common air in a very great degree. 


' Nitrous air treated in the manner above mention- 
ed, is diminiſhed about one fourth by ſtanding in 


quickſilver; and water admitted to it will abſorb 
about half the remainder; but if water only, and 


no quickſilver, be uſed from the beginning, the ni- 


trous air will be diminiſhed much faſter and farther ; 


ſo that not more than one fourth, one ſixth, or one 
tenth of the original quantity will remain. / 
The water which has imbibed this nitrous air ex- 


poſed to iron 3s remarkably _— alſo the phial 


containing it becomes deeply, and, I believe, inde- 


 libly tinged with green; and if the water be put into 


another veſſel, it preſently depoſits a, conſiderable 
quantity of matter, which when dry appears to be 
the earth or ochre of iron. 

Inſtead of uſing iron, 1 introduced a pot of liver 


of ſulphur into a jar of nitrous air, and preſently 


* that what J had before done by means of 


, Ir on 
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jron in fix weeks, or two months, I could do by 
liver of ſulphur in leſs than twenty four hours, eſpe- 
cially when the proceſs was kept warm. 

When the proceſs is in water with iron, the time 
in which the diminution is accompliſhed is exceed- 
ingly various ; being ſometimes completed in a few 
days, whereas at other times it has acquired a week 
or a fortnight, Some kinds of iron alſo produced 
this effect much ſooner than others, but on what 
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SECTION u 


Of dephlogiſticated nitrous Air, produced by the Soll. 
tion of Metals in en 215 


HE ſolution of iron in ſpirit. off nitre is ſown 
to produce nitrous air; but when all the ni- 


trous air is produced in this manner, without foreign 


heat, if a candle be applied to the ſolution, more 
air will be procured ; and this will be poſſeſſed of 


the peculiar kind of inflammability mentioned in the 


preceding ſeftion. But I firſt met with this air by 
diffolving iron in water, firſt impregnated with vi- 
triolic acid air, and then with nitrous vapour, as 
will be mentioned in its proper place. The firſt 


produce of this ſolution was nitrous air ; but apply- 


ing the flame of a candle, when no more air could 


be got without it, air was produced in which a can- 


dle burned with a natural flame. 

It was upon obſerving this, that I tried the ſame 
experiment after the termination of the common ſo- 
lution of iron in ſpirit of nitre; when, by this means, 
I got, by a direct proceſs, ſuch a kind of air as I 
had brought nitrous air to be by expoſing it to iron, 
or liver of ſulphur; for on the firſt trial a candle 
Ne I burned 
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burned in it with a much enlarged flame. At an- 
other time the application of a candle to air produced 

in this manner, was attended with a real, though 
not a loud zxploſion and immediately aſter this, u 
greeniſh coloured flame deſcended from the top to 
the bottom of the veſſel in which the air was con- 
tained. In the next produce of air from the ſame, 
proceſs the flame deſcended Blue ad dr gel, *. 
from the top to the bottom of the veſſel. 

When nitrous air is produced from i iron, a 
lity of it, I doubt not, is always the ſume, though 
there is a caſe in which I do not wonder that ſome 
perſons have been deceived; having got phlogifti- 
cated air when they expected nitrous ; not confider-. 
ing, thatexpoſure to a large ſurface of iron deoom-— 
Poſes nitrous air, as my former experiments thew'; | 
changing it at firſt into a ſpecies of air in which a can- 
dle will burn, and then into phlogiſticated ar. This 
proceſs, however, required a conſiderable time; but 
the following experiment ſhews that this effett- may 
be produced very ſoon. 

I filled an eight ounce phil wich mall nals, then 
with water, into which 1 put a very ſmall quantity 
of nitrous acid, juſt enough to make it produce air 
and then ſome was yielded in which à candle went 
out. Alſo this acid water poured off from the 
jron, gave a conſiderable quantity of air, in the 
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heat of boiling water, and this was all phlogiſti- 

cated air. 

Uſing more ſpirit of nitre, I obſerved, that, 
though the production of air was pretty copious, 
as was manifeſt by the bubbles formed at the bot- 
tom of the phial, and riſing to the top, there was 
no increaſe of the whole quantity of air in the phial. 
Examining the air in this ſtate of the proceſs, I 
found that it had very little power of diminiſhing 
common air, and that a candle burned in it with 
à vivid flame, which is the intermediate ſtate of 
this air, before it becomes phlogiſticated air, I 
imagine, therefore, that in all theſe caſes, a proper 
nitrous air is firſt produced, and that it is afterwards, 
by means of the iron to which it is expoſed, chang- 
ed into that ſpecies of air in which a candle can 
burn, and laſtly into phlogiſticated air, which ex- 

_ - tinguiſhes a candle. 
I have alfo procured this kind of air in a direct 
proceſs by the ſolution of zinc and iin. 

1 completely ſaturated a quantity of fpirit of 
nitre with zinc. This ſolution, while it was hot 
was fluid, but when it was cold it reſembled a 

whitiſn jelly. Diſtilling this jelly to dryneſs, in 
a glaſs veſſel, and receiving the air that came from 
it in three parts, ] obſerved that the firſt was the 
common air in the ** very little phlogiſticated; 

| which 
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which ſhews that, after the common folution of this 
metal, without additional heat, very little phlogiſ- 
ton remains in the ſolution. The ſecond portion 
was twice as good as common air, and the third 
was as pure as any that I had ever met with. | 

At another time that I repeated this experiment, 


I received the air in more portions; but the gene- 


ral reſult was the ſame, except that between the 
phlogiſticated and the pure air, there was a quan- 
tity of that kind of nitrous air in which a candle 
burns with an enlarged flame. That it was pre- 
ciſely the ſame kind of air that was procured by | 
the direct ſolution of zinc deſcribed above was 
evident, becauſe after that vapour (which is always 
the cauſe of this peculiar phenomenon) was waſhed 


out of it, it neither affected common air, nor was 
affected by nitrous air; being the lame thing with ; 


that which I have termed- phlogifticated air, and 
which is alway the baſis of this peculiar Kind of 
Nitrous air. 

This remarkable fact ſeems to prove that this | 
ſpecies of air contains leſs phlogiſton, in proportion 
eo its bulk, than phlogiſticated air, and conſequently 
that the' vapour which is the cauſe of this peculiar 
property, and which is readily imbibed by water, 


partakes chiefly of the nature of the nitrous acid. 


For, in all theſe proceſſes, every produce of air has 
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leſs and leſs phlogiſton, till we came to the laſt, 
which. contains the leaſt poſſible. Alſo this kind 
of air coming between the phlogiſticated and the 
pure air ſeems to ſhew that, if that which conſti- 
tutes the enlarged flame be phlogiſton contained 
in the air itſelf (and indeed it can hardly admit of 
any other ſuppoſition) it muſt be in a ſtate not 
perfectly combined with that nitrous acid vapour. 
We ſee alſo that this diffuſion of phlogiſton, and 
the looſening of its connexion with the other con- 
ſtituent parts of the air is that ſtate of it which im- 
mediately precedes its total diſappearing. For im- 
mediately aſter this kind of air, we find the next 
produce to have no phlogiſton at all. 

Leſt this intervention of the dephlogiſticated ni- 
trous air between the other kinds of air, and the 
pureſt of all, ſhould have been occaſioned by ſome 
accident, I carefully repeated the experiment, and 
found it in the ſame place a ſecond time. Having 
diſſolved a quantity of zinc in a quantity of one 
fourth ſpirit. of nitre and three fourths water, diſ- 
tiling the ſolution to dryneſs, and receiving the 
produce in four portions, the firſt was only the com- 
mon air expelled from the phial, and not ſenſibly 
injured ; the ſecond was dephlogiſticated nitrous air 
(as we may call that kind of nitrous.air in which 
a candle burns with an enlarged flame) the third 


was 
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was dephlogiſticated air, about four times. as pure 
as common air; and the fourth was as pure as'any 
+ that I have ever examined. 

In order to aſcertain the quantity of air produced 
by the ſolution of zinc in ſpirit of nitre, in a more 
ſatisfactory manner than I had been able to do at 
firſt, I ſuſpended a lump of zinc within the mouth 
of a large phial, in the bottom of which was a 
quantity of ſtrong ſpirit of nitre; and when I had 
placed them under the receiver of an air- pump, 
I carefully exhauſted the air, and then, by means 
of the apparatus for a collar of leathers, I let down 
the zinc into the acid. Immediately upon this 
there was a moſt prodigious efferveſcence; bur, 
the veſſel into which it was made being very large, 
no part of the fluid eſcaped out of it. 

By this means I got a very conſiderable quan- 
tity of air; and when I examined it, it appeared 
to be the very ſame thing with nitrous air expoſed 
to iron or liver of ſulphur, and ſuch as I had got 
in the laſt-mentioned experiment by means of heat 
from the direct ſolution of iron; and the great heat 
attending this efferveſcence might anſwer the ſame + 
purpoſe as the foreign heat of the candle in the 
caſe of the iron, viz. expelling the- acid with more 
force, and throwing it into a ſtate into which ir 
was not ſtrictly combined with phlogiſton. | 


The 
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The air thus procured diminiſhed common air 


about half as much as nitrous air would have done; 


owing, I ſuppoſe, to half of it being properly ni- 
trous air, and the remainder nitrous vapour uncom- 


| bined with phlogiſton, and diffuſed through the 


nitrous air. One third of this air was readily ab- 


ſorbed by. water, which is another circumftance in 


favour of its containing an acid vapour; and a 


candle burned in it with an enlarged flame, almoſt 


twice as large as its own proper flame, very. vivid, 


and furrounded with another flame of a blue co- 
lour. With a very ſlight agitation in water, this 
air extinguiſhed a candle ; the water having, by this 
means, probably, abſorbed the acid * that 
was diffuſed through it. 

In order to aſcertain the quantity as well as the 
quality of the air produced in this manner, I diſ- 
ſolyed four penny-weights of zinc in very ſtrong 
ſpirit of nitre, contained in a glaſs phial with a 
ground ſtopper, when I got about eight ounce 
meaſures of air, which I took at twice ; but neither 
part of this produce either affected common air, 
or was affected by nitrous air; and though part 
of it was abſorbed by water, it did not make lime 


water turbid. Alſo no candle would burn in it. 


But I did not examine this air till about two hours | 


after it was generated, when a conſiderable part of 
it was abſorbed by water, Had I made a trial of 
it 


„ 
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it immediately aſter it was produced, and before 
any part of it had been abſorbed by water, I make 
no doubt but a candle would have burned in it. 
For when I repeated the experiment, and tried both 
parts of the produce immediately, a candle burned 
with an enlarged flame in the former, and with a 
natural flame in the latter. ; 
At other times, however, I have got nothing of 
the peculiar kind of air above-mentioned, but only 
ſtrong nitrous air from ſeemingly the ſame pro- 
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_ ceſs; and I was not able to determine on what 


circumſtances the different reſults depended. I once 
thought that I had got this dephlogiſticated nitrous 
air, when I uſed a.very large quantity of ſpirit of 
nitre, much more than was neceſſary to diſſolve 
the zinc, but at other times this expedient failed 


me. When I had taken the air at different times, 


I found the laſt produce more nitrous than the firſt, 
But I once divided the produce into five parts, 
and found all of them nearly equally, and all very 


ſtrongly nitrous. 


It will be ſeen that in the ſolution of tin, which 
I find to contain very. little phlogiſton, this air is 
always produced, as will appear when I come to 
recite the phenomena attending the ſolution of this 
metal in the nitrous acid, among other metals that 
yep dephlogiſticated air. | 
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When, after all the uncertainty of the preceding 
trials, I uſed only a very weak ſpirit of nitre in the 
ſolution of zinc (with a view to produce air in 
about the ſame quantity as it had been yielded by 
means of the water impregnated firſt with vitriolic 
acid air and then with nitrous vapour) I got no 
other than this kind of air in which a candle burn- 
ed with an enlarged flame; and the air was of the 
very fame kind from the beginning to the end of 
the proceſs. 
I obſerved that when 1 had juſt diſſolved all the 
metals in ſpirit of nitre, tin yielded nitrous air 
as well as the reſt. But had I proſecuted the 
experiment, I ſhould have found that the proper 
nitrous air which it yields is in very ſmall quantity, 
and that the greateſt part of the produce is that kind 
of nitrous air in which a candle burns with an en- 

, larged flame. This metal alfo yields no fixed air; 
but ſeveral of the circumſtances attending this ſolu- 
tion, being pretty remarkable, and I having vatied 
then pretty much, it may not be amiſs to recite 
ſome of them. 
Tin did not diffolve fo as to yield air in ftrong 
ſpirit of nitre, but was affected by it in the manner 
that Mr. Macquer defcribes. - With an equal quan- 
tity of water and ſpirit of nitre, it diſſolved with 
great violence, and five penny-weights ſix grains 
yielded about fifteen ounce meaſures of air, about 
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one fifth of which was abſorbed by water, being 
the nitrous vapour, ſo often mentioned above, dif- 
fuſed through the air. Before e eee 
ed out, a candle burned in the air naturally; but 
when this part had been abſorbed by the water, 
a candle went out in it. The former part of the 
produce, which was three fourths of the whole, was 
but ſlightly nitrous; for two meaſures of common 
air and one of this occupied the ſpace of two mea- 
ſures and a half; and the laſt part was proper 
phlogiſticated air, neither affecting common air; 
_ nor being affected by nitrous air. Had I taken 
= the produce in ſmall portions, the firſt produce 
= would, I doubt not, have been proper nitrous air; 
as I had firſt found. I particularly obſerved that 
no part of this air, though readily abſorbed by 
water, made lime water turbid, ſo that it contained 
no fixed air, | 
After this, diſtilling the reſiduum to dryneſs, in 
a glaſs phial with a ground ſtopper, I got about 
twelve ounce meaſures of air, in four parts; of 
which a portion of each, and eſpecially at the firſt, 
was readily abſorbed by water, but without making 
lime water turbid, When this ingredient was 
waſhed out, the air which had lodged within the 
phial was phlogiſticated. Then the firſt portion 
of the proper produce of the materials was com- 
F 2 mon 
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mon air, the ſecond twice as good, and the remain- 
ing portions were exceedingly pure. 

Putting more ſpirit of nitre upon the reſiduum, 

I got only about twice its bulk of air, and part of 

this was fixed air; and in all reſpects this proceſs 

ſeemed to reſemble that with flint. After this I 


weighed the reſiduum, and found it to be five penny- 


"weights two grains, | a 

The phenomena ittending the folution of tin 
being fo very remarkable, I repeated it ſeveral 
times, with a conſiderable variation of circum- 
ſtances; and the following appeared to me to be 
worth reciting. I diſſolved a quantity of tin in a 
quantiry of ſpirit of nitre, diluted with an equal 
quantity of water ; when the ſolution was at firſt 
very flow, but afterwards very rapid. In the courſe 
of the proceſs I ſeveral times took a ſmall quantity 
of the air to lime water, but it was not made in 
the leaſt degree turbid; though a ſmall part of the 
air was abſorbed by it. 

I received the whole produce in four parts, and 
found that the firſt was ſo far nitrous, that two 
meaſures of commor air and one of this occupied 
the ſpace of two meaſures and a half; the ſecond 
was a little more nitrous; in the third the ſame 
' meaſures occupied the ſpace of two meaſures and 


a quarter ; but in the laſt the air Was leſs nitrous, 
| the 
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the ſame mixture occupying the ſpace of two mea- 
ſures and three fourths. Towards the middle of 
the proceſs, the air was very white, and continued 
ſo a long time. N. B. In the firſt of the portions 
of air above-mentioned a candle burned very bright, 
and with a crackling noiſe; in the ſecond and third 
it burned with a large flame, and very ſilently, a 
blue flame being very diſtinctly perceived ſurround- 
ing the central white flame. The fourth extinguiſhed 
a candle. EL a 
When I could get no more air without addi- 
tional heat, I applied the flame of a candle, and 
afterwards of two candles; and then took about 
half as much air as I had got before, in ſix portions; 
of which the firſt was nitrous, in about the ſame 
degree as the laſt part of the former produce; the 
| ſecond was ſo much nitrous, that two meaſures of 
common air and one of this occupied the ſpace of 
two meaſures and one ſixth ; the third hardly af- 
fected common air at all; the fourth was twice as 
good as common air; and the fifth and ſixth por- 
tions, which were four times the quantity of the 
preceding, were highly dephlogiſticated. N. B. The 
third, fourth, and fifth portions were exceedingly tur- 
bid ; but the laſt was quite clear, coming very ſlowly. 
In theſe two proceſſes, with and without foreign 
heat, we ſee a pretty regular gradation from the 
moſt impure to the moſt pure kind of air, 
| F 3 SEC- 


70 OBSERVATIONS ON Part IV. 


SECTION It. 


of dephlogiſticated nitrous Air produced in the Diminu- 
tion of nitrous Air by Iron Filings and Sulphur, 


and alſo by Liver y ne 


HE firſt remarkable dimi inution of nitrous 
air that I obſerved was occafioned by the 
fermentation of iron filings and ſulphur, made into 
a paſte with water, This proceſs is attended with 
much heat, the diminution of the air is exceedingly 
rapid, and whenever I examined the air that re- 

mained, it always appeared to be ſimply phlogiſti- 
cated air, neither affecting common air, nor be- 
ing affected by nitrous air, and extinguiſhing a 
candle. And in this laſt- mentioned property it 
differed from nitrous air diminiſhed by iron only, 
or by liver of fulphur, in which a candle burned 
with an enlarged flame before it was agitated in 
water, I have ſince, however, obſerved that ni- 
trous air diminiſhed by iron filings and ſulphur 
| foes not really differ from that which is diminiſhed 
by the other proceſſes ; but that this proceſs being 
made in a large quantity of water, either the ſuper- 

©  Rluoys nitrous acid en the ſuperfluous phlo- 
| gilton, 
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giſton, or both, were always abſorbed before the 
experiment was made. This 1 diſcovered by re- 
eating the proce with more care and attention, 
in the following manner. _ 

Having introduced a pot of iron filings and ful- 
phur into a large jar of nitrous air, I examined the 
ſtate of the air in all the ſtages of its diminution, 
from the time that the fermentation began till it 
could be diminiſhed no more by that proceſs. In 
order to get a ſmall quantity of the air, without 
moving the jar, or diſturbing the apparatus con- 
tained in it, I faſtened a ſmall phial, or a piece of 

glaſs tube, to the end of a ſtiff wire; and filling it 
Vith water, I put it up into the veſlel, with its 
mouth downwards; when, the water running out, 
it would neceſſarily be filled with the air of the jar, 
which. ] cook ane the een eee, 

Proceniing 3» iv. mnemer- 1/fevnd tary ln the 
| aſt ſtage of the, diminution of this air, and por 
before, a candle burned in it with an enlarged 
flame. This proceſs, therefore, exactly reſembles 
chat with iron only or liver of ſulphur, only that 
in this caſe the air muſt be examined very ſoon, 
before the water can have had an opportunity to 
act upon it. For when I tried part of the ſame 
air the next morning (when, without any agitation, 
n 

F 4 3 
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guiſhed a candle; having, in the n the; be⸗ 
come mere phlogiſticated air. 2 
I transferred another quantity of nitrous air 
from quickfilver, in which the proceſs was made, 
to lime water, but it did not make it in the leaft 
turbid. Indeed, but little of this air was abſorb- 
ed by water, and a candle burned in it only naturally, 
without any enlargement of the flame. It had 
been diminiſhed to about one third of its- "bulk | in 
the quickſilver, 

1 ſhall now proceed to note ; other elenden 
en this proceſs, which the philoſophical reader 
will eaſily perceive may be of great uſe in the 
analyſis of the ſpecies of air, as well as help to ex- 
plain the proceſs itſelf, In order to determine 
whether the acid, or phlogiſton, of the nitrous air 
(for I then thought it contained both) had been 
ſeized upon in this proceſs, I made it over a quan- 
tity of very pure water; thinking that, if it ſhould / 
acquire any acidity, it would ſhew that the phlo- 
giſton only had been ſeized ; but that if it ſhould not 
have become acid, it would appear that the decom- - 
poſition had been effected by the acid vapour having 
been ſeized, and the phlogiſton | left, And the re- 
ſult ſeems to determine this queſtion in favour of 
the latter ſuppoſition. ' For when the proceſs was 
over, I examined the water with the greateſt atten- 
tion, and found not the leaſt appearance of acidity 


in 
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in it. It did not even nee 574: of turnſole 
red. 

In the experiment n recited, concerning 85 | 
diminution of nitrous. air by iron filings and ſul- 
phur over a quantity of pure water, I firſt obſerved 
a pretty large depoſit of a browniſh kind of matter, 
from the water over which this proceſs had been 
made. If this be really the ochre of the iron em- 
ployed in it, it will ſhew that the earth of the metal 
had been om arent the heat of the km 
tion. 

That liver of Julpbur alſo dicompoſes nitrous air 
by ſeizing upon its acid vapour ſeems to be proved 
by the following experiment. I put ſome: pieces 
of liver of ſulphur to two quantities of nitrous air 
confined by quickſilver, and I obſerved that, in 
about ten hours, between one third and one half of 
the air in each of them was abſorbed. - The next 
day I admitted water to one of them, but no part 
of the air was abſorbed, and after it had paſſed 
ſeveral times through water, a candle burned in it 
with an enlarged flame, crackling very much. Alſo 
a candle burned in the very ſame manner in the air 
contained in the other veſſel, my I _ not. mn 
to paſs through water. | 
The water over which the 3 made 
does not acquire the leaſt acidity, not even diſcover: 
able by the juice of turnſole. In this caſe, alſo, 
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there was an earthy precipitate, exactly as in the 
proceſs with the iron filings and ſulphur, 

I had at one time ſome ſuſpicion, that, as part of 
this ind of airs readily abſorbed by water, exactly 
like fixed air, it might be, in part, real fixed air, 
and precipitate lime in lime water. But in the 
preceding experiments, as well as upon other oc- 
calions, I particularly attended to this circum- 

ance, without ever obſerying it to have any fuch 
effect. | 

I endeavoured to decompoſe nitrous air by means 
of ſulphur only ; making uſe of a burning mirror 
and quickſitver for that purpoſe, which, however, 
——— 
By this means, continuing the proceſs a long 
time, I made the ſulphur not only melt, but alſo 
become very black, and ſmoke very much in the 
nitrous air; and, in conſequence of it, the air was 
conſiderably diminiſhed, and had loſt its power of 
diminiſhing common air in ſome degree. Had 
the operation been continued much longer, the di- 
minution would, no doubt, have been more com- 
* Plete, and the nitrous air have become nothing 
more than phlogiſticated air, as in other ſimilar 
proceſſes, That this diminution alſo was effected 
by means of the abſorption of the nitrous vapour was 
pretty evident, becauſe the mercury was not ſenſibly * 
affected by it. For if that had been the caſe, there 


would - 
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would have been an acceſſion of more nitrous air 
from that ſolution, = 
2 I have mandoard a lde in bir Se 
after having been expoſed; to iron, became not only 
partially inflammable, admitting a candle to burn 
in it with an enlarged flame, but was even fired 
with an exploſion, like inflammable air from metals 
by oil of vitriol. I have ſince met with a more 
remarkable fact of the kind. | 

At the latter end of September 1778, I had put 
a pot of iron filings and ſulphur into a jar of ni- 
trous air, which, in the courſe of ſeveral days, was 
diminiſhed by it in the uſual proportion. From 
that time till the beginning of December, it had 
continued without any change that I had perceived; 
but about that time, imagining it was increaſed in 
bulk, I took exact notice of the dimenſions of it, 
and preſently found that the quantity was certainly - 
increaſing, Upon the whole, I concluded that it 
had increaſed about one ſixth of its bulk, from the 
ſtate of its greateſt diminution. On the 11th of 
December I examined it, and found it to be proper 
inflammable air, being fired with many exploſions 
| when tried in the uſual manner, but they were not 
ſo vigorous as thoſe with freſh made 1 2 222 
air from iron and oil of vitriol. 

After this, on the 12th of December, 1 put a pot | 
ol iron filings and fulphur t to another quantity of 
I 2 nitrous 
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nitrous air, and on the 4th of February following i it 
had increaſed in bulk about one third, and then 
burned with exploſions like the former. But a 
quantity of nitrous air expoſed to the effluvium of 
liver of ſulphur, the very ſame time, never increaſ- 
ed at all aſter the period of its utmoſt diminution 
and was mere phlogiſticated air. 
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Of dephlogifticated nitrous Air, procured by Iron, and 
| à Solution of Copper, in nitrous Acid. 


AFTER many trials, I ſucceeded in a method 
of producing this air, when I expected 7; 
quite a different reſult. As iron will precipitate N 
from a ſolution of it in ſpirit of nitre, 

and I had obſerved air to be generated | in this pro- 
ceſs; 1 imagined that by putting iron into that ſo- 
lution of copper in ſpirit of nitre, I ſhould get more 
nitrous 
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nitrous air, and with leſs expence. But inſtead of 
this, [ procured what I ſhould much more have 
wiſhed for, viz. this new ſpecies of nitrous air. But 
before I hit upon this, I ſucceeded in the method of 
changing freſh nitrous air into this ſpecies of it, in a 
remarkably ſhort ſpace of time. 

HFaving at hand a phial filled with nails which 
had often been employed in diminiſhing nitrous air, 
I filled it up with a diluted ſolution of copper in ſpirit 
of nitre, and left it all night. I then diſplaced the 
liquor by nitrous air, and in about two hours the 


whole quantity was diminiſhed one half, and a_can- 


dle burned in the remainder with an enlarged flame. 
In this experiment I collected no air from the 
iron itſelf ; but now, with the view that I have 
mentioned above, I filled the phial containing the 
nails with the ſolution of copper in ſpirit. of nitre, 
and inyerting it, the next morning I found the phial 
full of air, and it was not proper nitrous air, as I 
had expected, but that ſpecies of it in which a can- 
dle burns. In this cafe it burned quite _— 
and without any enlarged flame. -— 

The quantity of this peculiar ſpecies of nitrous air 
that may be procured in this manner, and from the 
ſame materials, viz. without changing either the 
iron or the! ſolution of copper, is aſtoniſhing. I 
has a a pretty full trial of it, in a jar which. 
g I had 
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I had thruſt full of long pieces of iron wire, on pur- 
poſe to expoſe as much of the ſurface of the iron 
as I poſſibly could, to any kind of air that I ſhould 
afterwards put into it. This jar, which held about 
a pint and a half, I filled with the diluted ſolution 
of copper, and inverted it in a baſon of the ſame 
ſolution; when, at the firſt, the jar e 
with this air in a few hours. 

However, having got as much of this air as 1 
wanted, I obſerved that more air was till gene- 
rated; and inverting the jar every day, after I had 
filled it with the fame ſolution of copper that had 
been expelled by the generated air the preceding 
day, it never failed to produce a jar full of that air 
every day for at leaſt a fortnight, beſides what 
eſcaped towards the beginning of the proceſs from 
the mouth of the jar, as ſoon as it was full, and 
which I never collected. 

I had imagined that, in time, the quality of this 
air would change, but to the very laſt it yielded air 
of the ſame kind in which a candle burned, not only 
naturally, but in a very vivid manner. If, however, 
I ſuffered the air to continue long in the jar, I al- 
ways found it to be phlogiſticated air; which, in- 
deed, is the ſtate to which this ſpecies of air is al- 
ways reduced by lang expoſure in the ſame circum- - 

e in ee Wy « the water either 
| abſorbing 
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abſorbing the dephlogiſticated vapour, as it may be 
wallace or this; vefiour gong Sono Sg 
giſton, 

It was ſomething W chat a phial of 
nails which had often been uſed to diminiſh nitrous 
air, when filled with water only, yielded phlogiſti- 
cated air. I at firſt filled this phial with inflamuma- 
ble air, and had obſerved a conſtant addition to it, 
It required, however, the warmth of a fire, when 
the phial was filled with water, to make it produce . 
any conſiderable quantity of phlogiſticated air. 
Theſe nails had probably a quantity of nitrous vapour 
mixed with their ruſt, which might continue to act 
upon them ; and this air, in its-naſcent ſtate, might 
be nitrous, but afterwards become phlogiſticated, | 
according to the uſual courſe of this procefs. | | 

After I had written the above, I produced this 
kind of air much more readily than an the method 
there deſcribed, viz. by applying beat to the veſſel 

in which it is produced. But I ſhall firſt obſerve 
that, immediately after producing a quantity of this 
air, in the manner before directed, I filled the veſſtl 
up with water inſtead of the ſolution of copper ; and, 
in about two days, the veſſel (which was a phial, 
containing near a - quart) produced about dee 
ounce meaſures of air, een 
extinguiſhing a candle. 6 2354 


Then 
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Then, pouring out the water, I filled it again 
with the ſolution of copper, and put into a pan of 
water, which I heated till it boiled ; when, by means 
of a cork and bent glaſs tube, &c. I received from 
it about a quart of air, the. firſt part of which was 
phlogiſticated (owing perhaps to its having been in 
a ſtate of yielding that air immediately before this 
proceſs) but afterwards it was a proper dephlogiſti- 
cated nitrous air, admitting a candle to burn 1 in it 
quite naturally. 
My original proceſs for procuring tephlogiſticated 

| nitrous air requiring much time, I now always pro- 
cure it by diſſolving turnings of iron in a dilute ſo- 
| lution of copper in the nitrous acid (the ſame that 
remains from making nitrous air) mixing with it 
again about an equal quantity of water. Without 
this precaution, though the iron will at firſt be ated 
upon very ſlowly, yet the mixture will at length - 
gro ſo hot, as actually to boil, and the proceſs will 
be exceedingly troubleſome. It will be neceſſary, 
however, previouſly to heat the ſolution of copper, 
in order to expel from it all ſuperfluous nitrous acid, 
though the keeping in it pieces of copper might an- 
ſwer the ſame purpoſe. Without one or other of 
theſe precautions, part of the air procured by diſ- 
ſolving iron in it will be proper nitrous air; but 
with this precaution, the whole of it will be ſuch as 
2 nitrous 


a. . NITROUS AIR. 87 
nitrous air is reduced to by expoſing common ni- 
trous air to iron, that is, one third. of it will gene- 
rally be abſorbed by water, ITO: 


e 
— ; 


SECTION v. 


Of the Separation of the pure depblogiſticated nitrous 
Air from the phlogiſticated Air with which it was 
mixed, and the Properties of it; - 


"JT AVING, in the manner mentioned above, 
A 1 procured a mixture of dephlogiſticated nitrous 
air and phlogiſticated air, the former will be ren- 
dered pure by agitating the mixture in water, which 
will imbibe it, and leave the phlogiſticated part un- 
abſorbed, 

A. given quantity of water, I find, will take up 
about one half of its bulk of this dephlogiſticated ni- 
trous air; and it does it almoſt as readily as water 
imbibes fixed air. The water thus ſaturated wi 
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FR muſt be heated, and then the dephlogiſti- 
* cated nitrous air will be expelled pure, and may be 
received in veſſels containing mercury. I obſerved, 
however, that as this kind of air much reſembles 
fixed air, in its properties of being imbibed by wa- 
ter, and in being expelled from it again by heat, it 
does ſo alſo in this farther property, that all 
the air which has been actually incorporated with the 
water, will not be imbibed by water again. But 
the proportion of this part is much greater in this 
kind of air than in fixed air. For in this caſe I 
have found it to be as one to ten; whereas in fixed 
air it is as about one to thirty or forty. This reſi- 
duum being examined, was found to be air par- 
tially phlogiſticated, the ſtandard of it being about 
1.4, fo that a candle will juft burn in it; but the 
quality of this reſiduum is not always the fame; The 
reſiduum of fixed air 1s generally much pony; v. 

of the ſtandard of 10. 1 
I obſerved, that when water fully impregnated 
| with this dephlogiſticated nitrous air is expoſed to the 
atmoſphere, it very ſoon parts with it, much ſooner 

than water impregnated with fixed air. | 

I mixed pure deplogiſticated nitrous air with Al che 
other kinds of air that I have made, but it did not 
unite with any of them; and no ſenſible change was 
eee any ol them, 3 it; 
edn 


Seff. V. |» NITROUS AIR» * 83 


reduced from the ſtandard of 0.3 to 0.8. -- But this 
was, no doubt, by the addition of that part of this 
air which ere is — | 
liderably phlogiſticated. | 


In his uct ind ef eee died Abs e a 
candle burned better than in common air, but not 


ſo well as I have frequently known it to do, as it is 
originally produced mixed with phlogiſticated air 
Which ſeems to ſhew that ſome change is made in it 
by being incorporated with water. When it was 
mixed with inflammable air, they were exploded to- 
gether with violence, very much like a mixture of 
inflammable and dephlogiſticated air; * 
died in it as quickly as in fixed air. 

That it is a mixture Gen Ane lie bart 
the cauſe of this thin blue flame with which the 
central ſiame in my former experiments is ſometimes 
ſurroundedꝭ is, I think, evident from the following 
experiment. Having a quantity of this air in which 
a candle burned with a ſtrong and bright flame, 1 
mixed nitrous ait with it, and then the candle burned 
enn 
ſurrounding the former. 

In order to aſcertain more . degree of 
purity to which I could bring this air; I impreg- 
nated a quantity of ſnow water with it, and expel- 
ling it again by heat, I found that only one ſixth of 
what had been expelled from the water, would not 


ROI by water again ; on OR 
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it may be procured in a tate of conſiderable ook 
ep a yo ee | 
Having a quantity of air in this tare bien | 
found that a candle burned very well in it, I put a 
mouſe into it; but it would have died very ſoon if 
I had not withdrawn it. This was on the 17th of 
March, 178 1. But on the 21ſt of the ſame 
month, I put another mouſe into the very ſame 
air, and was furprized to find that it continued 
perfectly at its eaſe five minutes. To be quite 
ſure with reſpe& to the other properties of this 
air, I withdrew the mouſe while it was quite vigor- 
ous, and found that a candle burned very well in 
it, but it was not in the leaſt affected by nitrous 
air. In this very ſingular caſe, nitrous air fails to 
be a teſt of the reſpirability of air. The air made 
uſe of in this experiment had been kept in a cup of 
mercury, but ſome water was in the veſſel along 
with it, and this water had imbibed a little of the 
air. This, however, was the only caſe in which I 
have found a mouſe to live in this kind of air, and 
therefore, though I cannot account'for It, te: | 
lay much ſtreſs upon it. 

TI then expelled more of this air, denn ens u- 
ter chat had been impregnated with it on the 17th day 
of March, but a mouſe died in it, and almoſt as ſoon as 
it would have done in any other kind of noxious air. 

It was natural to ſuſpect, that there might be 
ſomething acid in this air. But though it was rea- 
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turnſole, it made no change in its colour. Neither 
was there any thing alkaline in it. For when the 
Oighteſt tinge of red was given to this liquor by an 
reſtored by its impregnation with this kind of air. 
The ſame thing may indeed be inferred from its 
not incorporating with either acid or alkaline air. 
In the experiment with the latter it appeared that 
mon air. For mixing it with alkaline air, and then 
putting acid air to it, the white cloud formed by 
their union was 'almoſt wholly in the lower part of 
the veſſel. But it is not ſo much, lighter as inflam- 
For in this caſe the white cloud never reaches the 
top of the veſſel ; where the inflammable air ap- 
pears to remain n eee ih de en. | 
Who 1c 70d 
711 Thinking ih, though dephlogiſticazed air ready | 
formed might not affe&, or be affected by, dephlo- 
giſticated nitrous air, it poſſibly might in its: firſt 
formation; to try this, I revived mercury from red 
precipitate in this air. But the operation proceeded  - 
juſt as it would have done in vacuo, the mercury 
being revived very readily, and dephlogiſticated air 
produced, without weben. or being le 
| " 3 Oe Ne 
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No leſs remarkable was the refult of heating 

malleable iron in this air. For the bulk of the air 
was increaſed, and yet afterwards no part of it was 
imbibed by water, It was all plilogiſticatect ajry 
without any mixture of fixed air. It ſeems, there= 
fore, as if this kind of air wanted nothing but phlo- 
giſton to make it phlogiſticated air, and nothing 


but the principle of bu, to 2 
cated air. Ai ett 


This experiment happening to draw W | 
attention, 1 repeated it very often; and always had 
the tune 'reflle- though with variations, depending 
on the quantity of the air, and che heat 1 was able 
to apply, If this was ſufficient to melt the wp ge 
iron, the effect was produced very quickly. 
particulars may be of hoy gg ere 5 
thall recite ſome of them. 

Of three ounce Meile wid a NaiP'of ; 
giſticated nitrous air, two ounce meaſures b. 
unabſorbed by water after heating malleable iron in 
it; During the proceſs, the veſſel had been full ol 
whitiſh fumes. What remained of the TY 
the ftandard of 1.7, and extinguiſhed a candle. 

Throwing the focus of the lens about five in 
nates on ſome- filings of iron in this kind of air the 
quantity was increaſed one tenth, Afterwards water 
abforbed about one ſixth of it, and the remainder 


e a candle, TOY ESE 8, 
| repeated 
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I repeated the experiment with caſt iron turnings, 
and had the ſame reſult. About one fifth was added | 
to the quantity, water abſorbed about the ſame pro- 
portion of it, and the remainder was of the ſtan⸗ 
dard of 1.85. Some little common air may be 
ſuppoſed to have been introduced into the veſſel 
along with the turnings or ſhavings of iron, but this 
could not be much; and in all theſe experiments 
the addition produced in the proceſs was a very 
ſmall part of what remained unabſorbed by water; 
ſo that there can be no doubt but that this operation 
| produces a ry chang inthe quatity-of eee | 
* it almoſt wholly phlogiſticated. 

'In order to produce this effect, he Ke ah be 
very. conſiderable, or the pieces of i iron very |; 
ſo that they muſt at leaft be red hot. For When 
| uſed whole caſt iron, nails, on which 1 ſuppaſe the 
heat of my lens could not take ſufficient impreſſion, 
the effect of applying it an hour and a half, a1 wit 
a very good ſun, was very inconfiderable ; the pro- 
portion of that part of the air which was immilc;- 
ble with water, being only increaſed | in the propor- 
tion of fifty to twenty ſeyen. 

But the circumſtance to which I hamencd wo to 24 
the greateſt attention with reſpect to this kind of air, 
was'the change that is made in it by heat, or light, For 
ſuch muſt be the agents, when bits of clean, cruct- 
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bles, or retorts, are heated by a burning lens in any 
kind of air, The conſequence of this proceſs al; 
ways was both an increaſe of that part of the air 
which will not unite with water, and alſo renderin 
it purer than before, approaching nearer to the ſtate 
of atmoſpherical air ; exactly like the reſult of tak - 
ing the electric ſpark in fixed air, I frequently ſtop- 
ped in the middle of this proceſs, and always found 
theſe effects to be more conſiderable the longer I 
continued it. I ſhall give the particulars of thoſe 5 
experiments och, on which 1 s the greateſt de- 
pendence. " 

Having impregnated 2 quantity of boiled watar 
with dephlogiſticated nitrous air, I found that the air 
expelled from jr was again abſorbed by water, in the 185 
proportion of o. 7 to 10,1, and the ſtandard of this 
reſiduum was 1.7. I then heated in it pleces « of 
crucibles which had been juſt before made red hot, 
introducing them into the air by means of a forceps; 
and after heating them an hour and a half, in a very 
hot ſun, found that a portion of the air was then un- 
abſorbed by water, in the proportion of four to ſe- 
ven, and the ſtandard of the refiduum was 1.55. 
I reſumed the experiment with what remained of the 
air, and continued it half an hour longer, when the 
proportion of the part that was not abſorbed by wa- 
ter, was to the other as twenty fix to forty, and the 
ſtandard of this reſiduum was 1.45. No moiſture 
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ever appeared in che ee 
way no ſenſible change in the quantity of the air. 
la a portion of the ſame dephlogiſticated nitrous 
air that was uſed in the former, experiment, I heated 
bits of erueibles, Which, aſter being dipped, in wa- 
ter, had only been dried, though they had been 
made very hot in the ſun. In the courſe of this 
proceſs, much water appeared in the veſſel, expelled 
1 and after the pro- 
ceſs had been continued an hour and a; half, the 
part of the air that was unabſorbed by water, was 
to the reſt. as 4.5 to 25:99 the ane c was 
Ie HOT de | Gi enn and 
Eramieing a quantity of dephlogiſticated nirrqus | 
Kg in a portion of. which I was; about to heat hig 
of dry crucibles over mercury, I found. ee 
tation in ynter 30. meaſures of it Was 
3-5 meaſures, and the ſtandard of this en 
1.55, But of that portion of the ſame air in which 
bits of crucibles had been heated about an hour in 
all, ſixty three meaſures were only reduced to w 
one, and the ſtandard of this reſiduum ym. Was, 1.3. 
On this poeatnn. 1 ahead thee. the 1 70 of _the 
glaſs veſſel, was pretty thickly coated with a black 
matter. Indeed, in the former experiments, it had . 
always acquired. a dark incruſtation,z but I d did not 
know whether it might not have come from the 
ee 1 think it biet ne Ly 
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was mercury ſuper. phlogiſticated, as every other 
black incruſtation in proceſſes in which mereury was 
uſed has been. It is probable, however; that ſome 
phlogiſticated matter paſſed from the air to the 
mercury, which would of courſe render the reſi- 
quum more phlogiſticated,” though J do not per- 
eeive how it ſhould: follow chat it: ſnould thereby 
tender it leſs miſcible with water“ But whatever 
proportion of phlogiſton be neceſſary to make any 
kind of air miſcible with water, any abunge in that 
tion may make it leſs miſeible with t. 

In theſe reſpects this chinge in ooeniitacich of 
dephlogiſticated nitrous air, very much reſembles 
that which is macde in "fixed! air, both by the electric 
ſpark,” and allo by heating bits of crueiĩbies in it ; an 
acebutit of which has been given befbre. 
T endeavoured to aſcertain whether” this change 
in de Conſtitution of dephlogiſticited"nitrous air 
ed by nete dach, without light! by heat- 
iti "the alt in carth6ti tubes or tetorts, 'when their 
mouths were imtmefſeck in mercury; bur, to my 
great. di diſappointmnerit, 1 found that all Kinds of air 
heated in this manner, came” out common air, ot 
rather air a little pfucgilticated. In fact, the 
earthen veſſels, in that degree of heat to Which I ex- 
poſed them, mult have been rendered pervious to air, 
chough they were glazed inſide and outſide, and were 
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But the moſt effectual change that! I was able 
10 make- in this Kind of ai was bringing it tos 
ſtate in wlüch I doubt not it was reſpirable by 
means of the electric ſpark. Taking this ſpark, 
or making ſinall exploſions, in 0.4 of an gunce 
meaſure of dephlogiſticated nitrous air, it was ren- 
dered wholly r e e of the 
ſtandard of 1.45. 11 nnd! 3s 
From this experiment it ſhould 4 Poon 
is in this ſpecies of air ſomething that is'capable 
of being converted into pure air. This, indeed, ia 
ſufficiently indicated both by a candle burning prr- 
ſectly well in it, and alſo: by pyrophorus ſpontane- 
ouſly kindling in the nitroos- air from which it in 
formed. A judicious proſecution of theſe enperi- 
ments may therefore throw light upon the nature 
of both the kinds of air, and of combuſtion alſo. 
This kind of air, however, though a candle hurns 
fo well in it, will not kindle pyrophotus. I ht 
ſmall cupfub of the pyrophorus into a quantity o 
this kind of air, and let it remain there a cunſider- 
able time, without perceiving any ſenſihle effect 3 
but when I took it out, and put it ue 
containing nitrouꝭ air, it took fire immediately. 
In the courſe of theſe euperiinents wich tha 
] obſerved a remarkable ſource of fallacy, wit re- 
ſpect to the increaſe of the quantity af air confined 
by mercury, when there is ſo „ 
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inſide as to be ſubject to ſudden dilations and com- 
preſſions. For a conſiderable quantity of com- 
mon air would get into the inſide of the veſſel, 
when there was the depth of an inch of mercury on 
the outſide of it, and of two or three inches within. 
In theſe eircumſtances I have ſeen more than an 
ounce meaſure of the external air gain admiſſion in 
leſs than one minute. This muſt have been occa- 
fioned by the mercury never being in perfect con- 
_ tat with glaſs; ſo that when the mercury was in 
a ſtate of undulation, the air that was confined be- 
tween it and the glaſs was continually protruded, 
and more air from the atmoſphere was forced into 
its place, by the ſame preſſure which ſupported the 
column of mercury within the glaſs. This effect 
I prevented by having a quantity of water upon 
the mercury, on the outſide of the veſſel. For this 
would be in perfect contact with the glaſs; and in 
this caſe I never found either air or water Gant 
— ——— 
an e e in ep ef Agde. 
gifticated ntrous air, till, without any perceivable 
change in its quantity, it was become immiſcible 
with water. Then, admitting diſtilled water to it, 
there was no depoſit made, though I could perceive 
a white incruſtation quite round the inſide of the 
glaſs veſſel, contiguous to the mercury by which 
the air was confined, But admitting to it the water 
CEE | mm 
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in my trough, „ mixed with - 
it various ſolutions of iron, there was à copious | 


white precipitate. This ſubſtance I had got once 


before, and found that by expoſure to a red heat 
it became of a brown colour, and adhered firmly 
to the pieces of carthen ware on which it was heat- 
ed, thereby - appearing to be ochre. © The white- 
nn,, w 
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SECTION vi. 


Of Iron that bas been uſed to diminiſh ww” 


WEEN wn or e r 
have uſed to diminiſh nitrous air, had done 
their office, I laid them aſide, noting en 
they could be of any other philoſophical uſe; but 
after having lain expoſed to the open air almoſt a 
fortnight, having, for ſome other purpoſe, put ſome 
of hem lags e ene, 
ing inverted, and immerſed in water, 1 was fur 
prized to obſerve that the air in which 1 Wa : 
confined was diminiſhed. The diminution pro- 
PHE ceeded 
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about twenty four hours; for in that time the air 
was diminiſned about one fifth, ſo that it made no 
efferveſcence with nitrous air, and was therefore, 
no doubt, highly N like "4 n by 
any other proceſs, / :: ; 
——— b repaned.-6, te adn 
of times, wih the ſame phials, filled with nails 
or wires that have been ſuffered to ruſt in nitrous 
air, but their power of diminiſhing common air 
grows leſs and leſs continually. How long it will 
be before it is quite exhauſted I cannot tell. This 
. diminution of air I conclude muſt ariſe from the 
phlogiſton, with which the iron was overcharged 
by extracting it from the nitrous air, which it 
thereby left dephlogiſticated. With this addition 
of phlogiſton it would pqwerfully attract the de- 
phlogiſticated air in the atmoſphere, and conſe- | 
quently leave the remainder phlogiſticated. - . 
Having a quantity of iron that was AY 
; 4 perfect ruſt i in theſe proceſſes, I had the curioſity 


to heat it in an earthen crucible, in order to examine 


the air that might be expelled from it, and the- 
reſult was as follows. From ten ounces of this 
ruſt, I got about 180 ounce meaſures of air, mix- 
ed at firſt with much ſteam. The firſt ſixty ounce 
meaſures. were chiefly fixed air, with a phlogiſti- 
Rs ans The re- 
5 mainder 
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mainder came much more ſlowly, requiring about 
four hours continuance of heat. This contained 
no mixture of fixed air, and was ſo pure, tliat a 
candle burned in it pretty well, being of the ſtan · 
dard o 1.32. The. matter was reducei to one 
maſs, like iron, ſtrongly attached by the magnet. 
But, indeed, the ruſt Wr had been ſo before the 
el 6 3? CHOW On 162} wan rmx af 
It ſeems: ee ah the dephlogiſticated ni> 
: woo eee ruſt, and that with 
the addition of: the. principle of heat it becomes 
proper dephlogiſticated air. Or this dephlbgiſti- 
cated air might be that which by long expoſure: to 
the 'atmoſphere it had extracted from it. It has 
been ſeen that that iron which has been expoſed to ni- 
RE ER e ___ On 
. In order uo compare this kind of ruſt of iron 
with that which is formed by expoſure to the at- 
moſphere, I took four ounces of che latter; and, 
by the ſame treatment, got from it 180” ounce 
meaſures of air, about one half of which-was fixed 
air, with a reſiduum of the ſtandard of 1.7 ; but 
the bulk of it was inflammable, burning with a 
lambent blue flame. Y 
To a quantity of this ruſt 1 put oil of vitriol with 
only two equal parts of water, and obſerved that it was 
but weakly acted upon, and that much heat was neceſ-. 
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 fary to effect the ſolution of it. During the procefs 
 muchGlack matter was formed, and the inflammable air 
produced had an offenſive ſmell. In theſe reſpects 
this iron ſeemed to approach to the nature of caſt 
iron ; but when it was melted by a burning lens 
in the open air, ee eee eee e 
like thoſe of caſt iron. 
Ass yet I have ſees no iron ſo far affefted by this 
proceſs, though it is in a ſtate that eaſily crumbles 
to powder, as not to be able to decompoſe more 
nitrous air, and almoſt as readily as freſh iron. 

- I ſhall juſt mention one experiment in which 
this ruſted iron, and freſh: iron, were made uſe of. 

The nitrous air had been put to each of them on 
the ayth of Auguſt, and they were both examined 
on the 18th of October; when, in both caſes, the 
air was found to be diminiſhed to about one third, 
and a candle burned with equal brilliancy in both. 


Water then abſorbed abbut one half of each of 


-them, and the remainder extinguiſhed a candle, 
Neither of them had in the ſmalleſt degree the | 
en a I 
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ober, more Artie Auer to the Coin 
ion of dephlogifticated nifrous 1 


Megan onceing th cds 
this kind of air will be found to have been 
various. But having diſcovered it at one time in 
a continued proceſs, of the ſolution of zinc in ſpitit 
of nitre; always to come between the phlogiſticated 
and dephlogiſticated air, I ſuppoſed it to contain 
leſs phlogiſton than phlogiſticated air, and more 
than the dephlogiſticated air; and therefore as it 
has ſome properties of a genuine dephlogiſticated 
air, I am inclined, "othe when to call it a de. 
r 

Since a bandie benm in is l 0 a4 
Aamil Ges in it 1 "think! We ale Bad > 
ſay, that it is of ſuch a conſtitution, as to be cap- 
able of receiving phlogiſton in a very great degree 
of heat, perhaps not ſhort of a red heat, but not 
in that degree which is compatible with animal 
life. It is well known that many ſubſtances in 
chemiſtry. can act upon one another, when they are 
hot, which do not at all affect one atiother when 

Vor. II. H they 
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' they are cold. This, therefore, may be the caſe 
r 


pecies of air is really a dephlogiſti- 
cated nitrous air, and not a phlogiſticated air, as 
I had originally ſuppoſed, is more evident from its 
being produced from nitrous air by the ſcales of 
iron, which fly off when it is hammered, and which 
are iron partly reduced to a cals, I filled a phial 
with theſe. ſcales, and then filling it up with mer- 
cury, diflodged the mercury with nitrous air. In 
this ſtate the phial continued near three weeks; 
when I found the air diminiſhed, I did not note 
how. much, but a candle burned in the remairider 
juſt as if the nitrous air had been expaſed to iron. 
Theſe ſcales wanting much phlogiſton to make 
them iron, muſt be in a ſtate more ready to receive 
than to give phlogiſton to nitrous air. n 1 
Maoter is abſolutely neceſſary to this decompoſi- 
tion of nitrous air, when it is effected by iran. I 
had decompoſed it befare, either by previouſly fill 
ing the veſlels that were to contain the nitrous air 
with water, or with mercury, though it had always 
required much longer time when mercury was 
uſed. The reaſon of this difference I did not then | 
know; but I now perceive that it was owing to the 
Sal quantity Yn in m_ enen 


Suſ⸗ 
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| nee eee i 
ceſs, 1 procured à number af very clean ſmall 
needles, and having made a phial, and alſo a proper 
quantity of mercury, petſectiy clean and dry, 1 
put the needles into the phial ; and filling ie up 
with mercury, introduced the nitrous air. This 
phial continued in the fame Rate ſix or eight months, 
without the leaſt ſenſible change in the ſpace ecu- 
pied by the air. I therefore concluded that no 
change had taken place in it, and therefore intro+ 
duced a few drops of water; after which I per- 
ceived, in a day or two, that the air was diminiſh» 
third of the air had diſappeared. In this' ſtate 
found that a candle would not burn in it, which 
I had expected it would have done; as I imagined 
there was not water ſufficient to imbibe that part 
of the air which had enabled a candle to burn in 
5e. and how this part of the air ſhould diſappear, 
water, 1 could not tell. In another- n | 
che reſult was ſeemingly different. 1orhugr 
On the 26thof May, 1782, I examined a quan- 
tity of nitrous air, which had been confined by 
mercury with iron ſhavings from the 27th of Auguſt 
. when I found one half of it — 
Ws: 
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and a candle burned in the remainder better than 
in common air, though a mouſeè died in it; and 
ſame ſtate, with reſpect to quantity, in which it was 
when I examined it; fo that I concluded it would 
never have extinguiſhed: a candle, in conſequence 
of any longer continuance in that ſtate. In this 
caſe, however, there was no ſenſible quantity of 
water at all; whereas in the other there were a 
few drops. Water, therefore, may contribute to 
this change in the air, independently of its ab/orb- 
ing any part of it. When I agitated: this air in 
water, ſomething more than one half was abſorbed, 
ue ee beer La sg are deere 15 Hun 
But, perhaps, the more probable inference from 
this experiment may be that, in time, all the de- 
phlogiſticated nitrous air is imbibed by the iron, 
ſo that nothing beſides the phlogiſticated air will 
be left in the veſſel; though there was no appear- 
ance of this being the caſe in the experiment with 
the needles; as the air did not continue to diminiſh 
longer than uſual, and there remained two thirds 
of the original quantity of phlogiſticated air. T 
therefore, rather looks like a change of the dephlo- 
giſticated nitrous air into 5a; Se air, of ny 
addition of phlogiſton from the iron. 
Another experiment I made with a wipe 
ar degree * at which the nitrous | 
air 
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air begins to be decompoſed. On the 14th of 
May, I put twenty four ounce meaſures of nitrous 
air into a quart bottle, previouſly. filled with pieces 
of iron, that had before been ruſted in this pro- 
ceſs, On the 18th there were only ſeventeen ounce 
- meaſures of air, and it was not at all changed; on 
the 21ſt there were thirteen ounce meaſures, and 
on the 31ſt four ounce meaſures, of which half 
was then abſorbed by water, and the remainder was 
phlogiſticated air. This was the greateſt diminu- 
tion that I remember to have obſerved in this 
proceſs. But having neglected it from the 2 iſt 
to the 31ſt, I did not find the time at which the 
decompoſition firſt took place; but in general I 
believe it is when about one fourth of the quantity 
is remaining, and that the change takes place pretty 
ſuddenly, for I do not remember eyer do haye 
found it in a middle ſtate. 
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B O O X. IV. 
OF DEPHLOGISTICATED AM. 


P RR. T ogg 


or THE woners OF PEPHLOGISTICATED | AIR, 


SECTION. I. 


An Account of the Diſcovery of dephlogifticated Air, 
and its general Properties. 


eee e 
ſtriking illuſtration of the truth of a remark, 
which I have more than once made in my philo- 
ſophical writings, and which can hardly be too 
often repeated, as it tends greatly to encourage phi- 
loſophical inveſtigations ; viz. that more is owing 
ee Ae th Barer ger. 


ing, 
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ing, to the obſerration of events avifing from wiknown 
cauſes, than to any proper de/ign, or preconceived 
theory in this buſineſs. This does not appear in the 
works of thoſe who write ſynthericully upon theſe 
ſubjects; but would, I doubt not, appear very 
ſtrikingly in thoſe who are the moſt celebrated for 
their philoſophical acumen, did they write anahti- 
cally and ingenuoufly..- 

E For my own part, 1 will frankly ackrowiedgy 
that, at the commencement of the experiments re- 
cited in this ſection, I was ſo far from having formed 
any hypotheſis that led to the diſcoveries I made in 
Sire that, ————— 
improbable to me had I been told of them; and 
when the deciſive facts did at length obtrude them- 
ſelves upon my notice, it was very lowly, and 
with great heſitation, that I yielded to the evidence 
of my ſenſes. And yet, when I re- conſider the 
matter, and compare my laſt diſcoveries relating 
to the e e the atmoſphere with the 
firſt, I ſee the cloſeſt and the eaſieſt connexion 


between them, ſo as to wonder that I ſhould 


not have been led immediately from the one to 
the other. That this was not the caſe, I attribute 


to the force of prejudice, which, unknown to our. 
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che plaineſt evidence of ſenſe will not entirely 


change, and often hardly modify, our perſuaſions z 
and the more ingenious a man is, the more effec- 
tually he is entangled in his errors; his ingenuity 
only helping him to deceive _— ay evading 
te force of truth. 

There are, I believe, eee 
ſophy that have laid firmer hold upon the mind, 
than that air, meaning atmoſpherical air (free from 
various foreign matters, which were always ſuppoſed 
to be diſſolved, and intermixed with it) is a /imple 
elementary ſubſtance, indeſtructible, and unalterable, 


at leaſt as much ſo as water is ſuppoſed to be. In 


the courſe of my inquiries, I ' was; however, ſoon 
ſatisfied that atmoſpherical air is not an unalterable 
thing; for that, according to my firſt hypotheſis, the 
phlogiſton with which it becomes loaded from bodies 
burning in it, and animals breathing it, and various 
other chemical proceſſes, ſo far alters and depraves it, 
as to.render it altogether unfit for inflammation, re- 

ſpiration, and other purpoſes to which it is ſubſervient; 

and I had diſcovered that agitation in water, the pro- 
. ceſs of vegetation, and probably other natural pro- 
ceſſes, reſtore it to its original purity, But I own I 
had no idea of the poſſibility of going any farther in 
this way, and thereby procuring air purer than the 
beſt common. air, I might, indeed, have naturally 
imagined that ſuch would be air that ſhould contain 
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leſs p n than the air of the atmoſphere ; but 
[ha no ea thr fic x compaiion was pate. Fs 

In my firſt publication on the ſubject of air, I 
mentioned char which 1 had got from vine, and. 
the account 1 then gave of it demonſtrates it to 
have been dephlogiſticated air, but I had not pur- 
ſued that experiment, nor was it of any uſe to me 
in the following courſe. It may be worth while, 
however, to recite what 1 n anne "which 
was as follows. 

"A the lindo fiGicious4in/# then cba d 
which I had made che experiment, were highly noxi- 
aus, except that which is extracted from nitre, or 
alum; but in this even a candle burned juſt as in 
common air. In one quantity which I got from 
nitre a candle not only burned, but the flame 
was increaſed, and ſomething was heard like a hiſ- 
fing, eee, 6 
* Thea ws stab Ben md Geest 
heating them in a gun barrel, which was much cor- 
roded and ſoon ſpoiled by the experiment. What 
r eee eee air I did not 
conſider. 
| At the time of my firſt. publicaiion, I uns not 
poſſeſſed of a burning lens of any conſiderable force; 
and for want of one, I could not poſſibly make 
Wenn .... and 

Which, 
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which, in theory, appeared very promiſing. Ihadi-* 
indeed, a mirror of force ſufficient for my purpoſe. 
But the nature of this inſtrument is ſuch, that it 
cannot be applied, with effect, except upon ſub- 
ſtances that are capable of being ſuſpended, or reſt- 
ing on a very ſlender ſupport. It cannot be directed 
at all upon any ſubſtance in the form of powder, nor 
hardly upon any thing that requires to be put into 
a veſſel of quickſilver; Which appears to me to be 
the moſt accurate method of extracting air from a 
great variety of ſubſtances, as was explained in the 
introduction to this work. But having afterwards 
procured a lens of twelve inches diameter, and twen- 
ty inches focal diſtance, I proceeded with great ala- 


j * crity to examine, by the help of it, what kind of 


air a great variety of ſubſtances, natural and ſacti- 
tious, would yield, putting them into the veſſels 
repreſented fig. a, Pl. IV. which I filled wich 
quickſilver, and kept inverted in a baſon of the 
fame. Mr. Warltire, a good chemiſt; and lec- 
turer in natural philoſophy, happening to be at 
that time in Calne, I explained my views to him, 
and was furniſhed by him with many ſubſtances, 
which 1 could not otherwiſe have procured. 

With this apparatus, after a variety of other ex- 
periments, an account of which will be found in its 
proper place, on the 1 of Auguſt, 1774, I en- 
— Is ae 


ſt; 
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lens, air was expelled from it very readily. Hav- 
bulk of my materials, 1 admirred W it, and 
prized me more than 1 eee * char | 
a candle burned in this mn vi- 
with which n burns in m air, expoſe 
to iron or liver of ſulphur ; but as I had got nothi 
like this remarkable appearance from any kind of 
air beſides this particular modification of nitrous air, 
and I knew no nitrous ——— — 
— Genie) 

. ——— am | 
| artontion tv the circumſtance. ut that tire; the flame 
of the candle; befides being larger, burned with more 

ſplendor and heat than in that ſpecies of nitrous | 

air; and u piece of red hot wood ſparkled in it, ex- 
actiy like paper dipped in a ſolution of nitre, and ir 
conſumed very faſt; an experiment which I had never 
thought of trying with dephlogiſticated nitrous air. 

At the ſame time that I made the above- mention- 
ed experin ent, I extracted a quantity of air; with 
the very fame property, from the common red pre- 
— wich . on ſolution m- 

: peculiar 
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peculiar property, being ſimilar to that of the mo- 
dification of nitrous air above mentioned, depended 
| upon ſomething being communicated to it by the 
nitrous acid; and ſince the mercurius calcinatus is pro- 
duced by expoſing mercury to a; certain degree of 
heat, where common air has acceſs to it, I likewiſe, 
concluded that this ſubſtance had collected ſome- 
thing of nitre, in that ſtate of heat, from the et 
Phere. 
This, however, appearing to me much more ex- 
traordinary than it ought to have done, I entertained 
ſome ſuſpicion that the mercurius calcinatus, on which 
I had made my experiments, being bought at a 
more than red preeipitate ; though, had I been any. 
thing of a practical chymiſt, I could not have en- 
tertained any ſuch ſuſpicion. However, mentioning 
this ſuſpicion to Mr. Warltire, he furniſned me 
with ſome that he had kept for a ſpecimen of the 
preparation, and which, he told me, he could war- 
rant to be genuine. This being treated in the ſame 
manner as the former, only by a longer continuance 
of heat, I extracted much more wir om ie hen foam 
the other. 

This experiment might * ſatisfied: any mo- 
derate ſceptic ; but, however, being at Paris in te 
October following, and knowing that there were 
ſeveral very eminent chymiſts in that place, I 1 did 
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not omit che ' opportunity, by means of my. friend | 
Mr. Magellan, to get an ounce of mercurius calcing- 
tus prepated by Mt, Cadet, of the genuineneſs of 
which there could not poſſibly be any ſuſpicion ; and 
at the ſame time, frequently mentioned my ſur- 
priſe at the kind of air which I had got from this 
preparation to Mr. Lavoiſier 5 Mr. le Roy, and ſe- 
veral other philoſophers, who honoured me with 
their notice in that city; and who, Ice aye: can- 
not fail to recolle& the circumſtance. 

At the fame time, I eee * the air 


hh I had got from the | mercurius calcinatus 


was even wholeſome, ſo far was I. from knowing 
what it was that I had really found ; taking it for 
granted, that it was nothing more than ſuch/kind of 
air as I had brought nitrous air to be by the pro- 
ceſſes above mentioned; and in this air I. have 
obſerved; that a candle would burn ſometimes quite 
naturally, — Tt prma a nc 
flame, and yet remain perfectly noxious. 

At the ſame time that I had got — 
mentioned from mercurius calcinatus and the red 
precipitate, I had got the ſame kind from red lead 
or minium. In this proceſs, that part of the minium 
on which the focus of the lens had fallen, turned 
yellow. One third of the air, in this experiment, 
was readily abſorbed by water, but, in the remain- 
be; | | der, 
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der, a candle burned very ſtrongy, and with a crack | 
ling noiſe, 
This experiment with red lead cle me 
more in my ſuſpicion, that the mercurius caltinatus 
muſt have got the property of yielding this kind of air 
from the atmoſphere, the proceſs by which that pre. 
paration, and this of red lead is made, being ſimi- 
lar. As I never make the leaſt ſecret of any thing 
that I obſerve, I mentioned this experiment alſo; 
as well as thoſe with the mercurius calcinatus, and. 
the red precipitate, to all my philoſophical acquaint- 
ance at Paris, and elſewhere; having no idea a that 

time, to what theſe remarkable facts would lead. 
| Preſentiy after my return from abroad, I went 
| to work upon the mercurins cultinatus, which I had 
| proeured front Mr. Cadet; and, wich a very mo- 
| derate degree of heat, I got from ſome of it, an 
| 
| 
| 


ounce” meaſure of air, which I obſerved to be not 
readily irnbibed, either by the ſubſtance itſelf from 
which it had been expelled (for I ſuffered them to 
continue'a long time together before I transferred 
the air to any other place) or by water, in which 1 
ſuffered this air to ſtand a conſiderable 9 
W berge ere Kt 

be as 1 hel Gpeass, 4 ede bum 
with a vivid flame; but what I obſerved new at 
| this time (Nov. 19) and which ſurprized me no 
4 | s . * leſs 


Se. J. DEPHLOGISTICATED AIR, 117 
leſs than the fact I had diſcovered before, was, that, 
whereas a few-moments agitation in water will de- 
prive the modified nitrous air of its property of ad- 
mitting a candle to burn in it; yet, after more than 
ten times as much agitation as would be ſufficient 
to produce this alteration in the nitrous air, no ſen- 
 fible change was produced in this. A candle ſtill 

| burned in it with a ſtrong flame; and it did not, in 
the leaſt, diminiſh common air; which I had ob- 
n 


Zut 1 eue as more wegen be Se 
todes, in ubich this ain has cimainurd in Se 


with water (by which it was diminiſhed about one 
twentieth of its bulk) J agitated it violently in wa- 
ter about five minutes, and found that a candle 
ſtill burned. in it as well as in common air. The ſame 
degree of agitation would have made phlogiſticated 
nitrous air fit for reſpiration indeed, uy bes ea | 
cenainly have extinguiſhed a candle. - ha 
r ther Ste tht 55 
be wnverg! material difference between the conftitu- 
tion of the air from mercurius calcinatus, and that of 
dephlogiſticated nitrous air, notwithſtanding their 
_ reſemblance in ſome particulars. But though I did 
not doubt that the air from mercurius calcinatus Was 
fit for reſpiration, after being agitated in water, as 
every kind of air without exception, on which I had 


far was I from having any idea of this air being, 


to the air of the atmoſphere. 


* 
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pect that it was reſpirable in the firſt inſtance ; ſo 


what it really was, much ſuperior, in this reſpect, 


In this ignorance of the ee. 


air, I continued from this time (November) to the 
| iſt of March following ; having, in the mean time, 


been intent upon my experiments on the vitriolic 


acid air, and the various modifications of air pro- 
duced by ſpirit of nitre. But in the courſe of 


chis month, I not only aſcertained; the nature of this 


Kind of air, though very gradually, but was led by 
it, as I then thought, to the complete ant 


the conſtitution of the air we breathe. 


Till this firſt of March, 1775, L had jo little fuſ- 
picion of the air from mercurius calcinatus, &c. being 
wholeſome, that I had not even thought of apply- 


ing to it the teſt of nitrous air; but thinking (as my 


reader muſt imagine I frequently muſt have done) 


on the candle burning in it aſter long agitation in 
water, it occurred to me at laſt to make the experi- 
ment; and putting one meaſure of nitrous air to 


two meaſures of this air, I found, not only that it 


was diminiſhed, but that it was diminiſhed quite as 
much as common air, and that the. redneſs of the 
mixture was likewiſe equal to that of a ſimilar mix- 
ture of nitrous and common air. „ 


gy = 
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| After this I had no doubt but that the air from. 
mercurius calcinatus was fit ſor 
it had all the other properties of genuine common 
air. But I did not take notice of what 1 might. 
have obſerved, if 1 had not been ſo fully poſſeſſed, 
by the notion of there being no air better than cor · 
mon air, that the redneſs was really deepet, and the - 
diminution ſomething greater than common. " 
would have admitted. * 

[ now conchided ths e 
the air were equally, and in their proper proportion, 
imbibed in the preparation of this ſubſtance, and 
alſo in the proceſs of making red lead. For at· the 
ſame time that I made the above mentioned expe- | 
riment on the air from mercurius calcinatus, I like=- 
wiſe obſerved that the air which I had extracted 
from red lead, after the fixed air was waſhed out of 
it, was of the ſame nature, being diminiſhed by ni- 
trous air like. common air; but, at the ſame time, 
1 was puzzled to find that air from the red precipi- 
tate was diminiſhed in the ſame manner, though 
the proceſs for making this ſubſtance. is quite differ- 
ent from that of making the two others. But to 
a. nen, 
tention. 

L wiſh my reader be not quite fred with the fre 
quent. repetition of the word,/urprize,.and others 7 
ſimilar import; W go 98 I N3oR: 

Vor. II. 1 
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tle longer. For the next day I was more ſurprized 
than ever 1 had been before, with finding that, after 
the above mentioned mixture of nitrous air and the 
air from mercurius culrinams, had ſtood all night 
Gin which dme he whole Gltrittnirlore mut have talceny 
| Place; and, conſequently, had it been common 
ür, it muſt have been made perfectly noxious, and 
 Intircly unfir for reſpiration or inflammation) a can- 
dle med in 7, ren enn, rr in common 
as | 
a ht at this diſtance of time, recollet wine 
Shins thit'f had'in view in making this experiment; 
but T know I frad no expectation of the real iſſue of 
it. Having acquired a conſiderable degree of rea- 
dinefs in making ' experiments of this kind, a very 
flight and evaneſcent motive would be fufficient to 
induce me to do it. If, however, I had not hap- 
penedd, for ſome other purpoſe, to have had à lighted 
 eandle” before me, 1 ſhould probably never have. 
made the trial; and the whole train of my future 
experiments relating to this Rune ot ar might have. 
been prevented. | 5 
Still, however, having ns deep 6 U mn 
exuſt of this' phenomenon, I conſideredd it as forne- 
thing very extraordinary; but as a property that 
was peculiar” to air extracted from theſe ſubſtances, - 
and adventitions ; and I always ſpoke of the air ta 
imy acquaintance as Tring ſubſtantially the ſime 
thing 
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thing with common air. 1 particularly remember 
my telling Dr. Price, that I was myſelf perſectiy 
ſatisfied of its being common ait; as it appeared to 
be ſo by the teſt of nitrous air; though, for the ſa- 
tisfaction of others, I warited nnn 


proof quite complete. 
On the 8th of this month I Es ah. ani 


put it into a glaſs veſſel, containing two ounce mea- 
ſures of the air from mercurius calcinatus. Had it 
been common air, a full grown mouſe, as this was, 
would have lived in it about a quarter of an hour. 
' In this air, however, my mouſe lived a full half 
hour; and though it was taken out ſeemingly dead, 
it appeared to have been only exceedingly chilled ; 
for, upon being held to the fire; it preſently revived, 
and appeared not to have ee pe e 2K 
n 1 

By this I was eee e th 
the air extracted from mercarius calcinatus, &c. was 
ar leaſt as good as common air; but I did not cer- 
tainly conclude that it was any better ; becauſe, 
though one mouſe would live only a quarter of an 
hour in a given quantity of air, I knew it was 
not impoſſible but that another mouſe might have 
lived in it half an hour ; fo little accuracy is therein 
this method of aſcertaining the goodneſs of air: and 
indeed I have never had recourſe ta it for my own 
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accurate, and elegant teſt that nitrous air furniſhes, 
But in this caſe I had a view to publiſhing the 
moſt generally- ſatisfactory account of my experi- 
ments that the nature of the thing would admit of. 
This experiment with the mouſe, when J had re- 
fected upon it ſome time, gave me ſo much ſuſpi- 
cion that the air into which I had put it was better 
than common air, that I was induced, the day after, 
to apply the teſt of nitrous air to a ſmall part of that 
very quantity, of air which the mouſe had breathed 
ſo long; ſo that, had it been common air, I was ſa- 
tisfied it muſt have been very nearly, if not altoge- 
ther, as noxious as poſſible, ſo as not to be affected 
by nitrous air; when, to my ſurprize again, I found 
that though it had been breathed ſo long, it was ſtill 
better than common air. For after mixing it with 
nitrous air, in the uſual proportion of two to one, it 
was diminiſhed in the proportion of four and a half 
to three and a half; that is, the nitrous air had 
made it two ninths leſs than before, and this in a | 
very ſhort ſpace of time; whereas I had never found 
that, in the longeſt. time; any common air was re- 
duced more than one . fifth of its bulk by any pro- 
portion of nitrous air, nor more than one ſourth. by 
any phlogiſtic proceſs whatever. Thinking of this 
extraordinary fact upon my pillow, the next morn- 
ing I put another meaſure of nitrous air to the ſame 
mixture, and, to my utter aſtoniſhment, found that 
n 8 4 it 
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it was farther diminiſhed to almoſt one half of its 
original quantity. I then put a third meaſure to it; 
but this did not diminiſn it any farther ; but, how- 
ever, left it one meaſure leſs than it was een aſter 
the mouſe had been taken out of it. 
_ - Being now fully fatisfied that this air, even after 
the mouſe had breathed it half an hour, was much 
better than common air; and having a quantity of 
it ſtill left, ſufficient for the experiment, viz. an 
ounce meaſure and a half, I put the mouſe into it; 
_ when Tobſerved that it ſeemed to feel no ſhock up- 
on being put into it, evident ſigns of which would 
have been viſible; if the air had not been very whole- 
ſome; but that it remained perfectly at its eaſe an- 
other full half hour, when I took it out quite lively 
and vigorous. - Meaſuring the air the next day, I 
found it to be reduced from one and a half to two 
thirds of an ounce meaſure. And after this, if 1 
remember well (for in my regiſter of the day I only | 
find it noted, that it was confiderably diminiſbed by 
nitrous air) it was nearly as good as common: air. 
It was evident, indeed, from the mouſe having been 
EE eee i 
m imme r 4 | 
For my farther ſatisfaction I procured 25 


15 e and putting it into leſs than two ounce mea- 
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air from red precipitate (which, having found them 
to be of the ſame quality, I had mixed together) 
it lived three quarters of an hour, But not having 
had the precaution to ſet the veſſel in a warm place, 
I ſuſpect that the mouſe died of cold. However, as 
it had lived three times as Jong as it could proba- 
bly have lived in the ſame quantity of common air, 
and I did not expect much accuracy from this kind 
of teſt, 1 did not think it neceſſary to make any more 
experiments with mice. 

Being now fully ſuriafied af the ſuperior. edu 
of this kind of air, I proceeded to meaſure that de- 
gree of purity, with as much accuracy as I could, 
by the teſt of nitrous air; and I began with putting 
one meaſure 6f nitrous air to two. meaſures of this 
air; as if I had been examining common air; and 
now I obſerved that the diminution was evidently 
greater than common air would have ſuffered by 
the fame treatment, A fecond meaſure of nitrous 
air reduced it to two thirds of its original quantity, 
and a third meaſure to one half. | Suſpecting that 
the diminution could not proceed much farther, 1 
then added only half a meaſure of nitrous air. By 
this it was diminiſhed ſtill more, but not much, 
and another half meaſure made it more than half of 
its original quantity; ſa that, in this caſe, two mea- 
fures of this air took more than tua meaſures of ni- 
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trous air, and yet remained leſs than half of what it 
was. Five meaſures ans it pretty exactly to 
its original dimenſions, 

At the ſame time, air from the red precipitate was 
diminiſhed in the fame proportion as that from 
mercurius calcinatus, five meaſures of nitrous air be- 
ing received by two meaſures of this without any 
increaſe of dimenſions, Now as common air takes 
about one half of its bulk of nitrous air, beſore it 
begins to receive any addition to its dimenſions from 
more nitrous air, and this air took mote than four 
half meaſures before it ceaſed to be diminiſhed 
more nitrous air, and even five half meafures 
no addition to its original dimenſions, I concluded 
chat jt was between four and five times as good ag | 
common air. It will be ſeen that I have ſince pro. 
endo EE) this, 
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| is the Produttion of nn Ar, wy Means „ 


_ Spirit 92 2 and the Cals of Lead. 


14 
* \ 


ENG now ; fully bastel with reſpeet to The 
nature of this new ſpecies of air, viz, that, be- 
ing capable of taking more phlogiſton, from nitrous 
air, it therefore originally contains leſs of this prin- | 
eiple; my next inquiry was, by what means it 
comes to be ſo pure, or philoſophically ſ peakin g, to 


be ſo much dephlogiſticated and ſince the red. lead 
yields the ſame kind of air with mercurils calcina- 


tus, though mixed with fixed air, and is a much 
cheaper material, I proceeded to examine all the 

reparations of lead, made by heat in the open air, 
TD. has bind of air they wah yield, beginning 


with the grey calr, and ending with litbarge. 


The red lead which I uſed for this purpoſe yield- 
ed a conſiderable quantity of dephlogiſticated air, 
and v little fixed air. In this experiment two 

res of nitrous air being put to one meaſure 
of this air, WOES e We e wes ee | 
firſt 


9 
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firſt, and nearly three times its bulk of nitrous air 
made very little addition to its original dimenſions; 
fo that this air was exceedingly gs ni 1 
Mannen 
One quantity of red lead, which I ed had 
a a yellowiſh caſt, and had in it ſeveral pieces intirely 
yellow. I tried it with the burning lens in quick 
filver, and found that it yielded very little air, and 
with great difficulty; requiring the application ef 
a very intenſe heat. With an equal quantity of ni- 
trous air, a part of this air was reduced to one half 
of its original bulk, and three meaſures and a half 
ſaturated it. The air, therefore, was very pure, 
and the quantity that it yielded being very ſmall, it 
proved to be in a very favourable ſtate for aſcer- 
taining on what mb Nu s 
depended. 5 
My object now wa to bring dis re lead, which 
yielded very little air, to that ſtate in which other 
red lead had yielded a conſiderable quantity; and 
taking it, in a manner, for granted, in conſequence 
of the reafoning intimated above, that red lead muſt 
imbibe from the atmoſphere ſome kind of acid, in 
order to acquire that property, I took three ſeparate 
half ounces of this freſh made red lead, and moiſten- 
ed them till they made a kind of paſte, ' with each 
of the three mineral acids, viz. the vitriolic, the ma- 
rine, and the nitrous; and as I intended to make 
| | a: the 


122 OBSERVATIONS ON Part 1, 


the experiment in a gun barrel, leſt the iron ſhould 
be too much affected by them, I dried all. theſe 
mixtures, till they were perfectly hard; then pul- 
verizing them, I put them ſeparately into my gun 
barrel, filled up to the mouth with pounded flint, 
which I had found by trial to yield tide, or no air 
when treated in this manner, I had alſo found 
that no quantity of air, ſufficient to make an ex- 
periment, could be procured from an equal quan- 
tity of this red lead by this proceſs. 

Thoſe portions of the red lead which had been 
moiſtened with the vitriolic and marine acids be- 
came white ; but that which had been moiſtened 
with the pitrous acid, had acquired a deep brown 
colour. The mixtures with the nitrous and marine 
acids dried pretty readily, but that with the vitriolic 
acid was never perfectly dry; but a great part, of 
ut remained in the form of a ſoftiſn paſte. 

Neither the vitriolic nor the marine acid mix 
wares gave the leaſt air when treated in the man- 
ner above · mentioned; but the moment that the 
compoſition into which the nitrous acid had enter- 
ed became warm, air began to be produced: and 
I received the produce in quickſilyer. . About one 
ounce meaſure was quite tranſparent, but preſently 
after it became exceedingly red; and being fatil- 
fied that this redneſs was owing to the nitrous acid 
vapour having diſſolved the quickſilver, I took no 


4 more 
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more than two ounce meaſures, in this way, but 
received all the femainder, which was almoſt two 
pints, in water. Far the greateſt part of this was 
fixed air, being readily abſorbed by water, and ex- 
tinguiſhing a candle. There was, however, a con- 
ſiderable reſiduum, in which the flame of a candle 
burned with a crackling noiſe, from which I con- 
cluded that it was true dephlogiſticated air. 
In this experiment I had moiſtened the red lead 
with ſpirit of nitre ſeveral times, and, had dried it 
again, When I repeated the experiment, I moiſten- | 
ed it only once with the ſame acid, when I gat 
from it not quite a pint of air; but it was almoſt 
all of the dephlogiſticated kind, about five times 
as pure as common air. N. B. All. tha ary ma 

a violent efferveſcence with the red lead. 
| Though there was 3 difference. in the redyly of 
theſe experiments, I was now capvinced that:it was 
the nitrous acid which the red lead had acquired 
from the air, and which had enabled it to. yield 
the dephlogiſticated air, agreeably to my original 
conjecture, Finding alſo, as will be ſeen in the 
following. ſection, that the ſaine kind of air is pro- 
duced by moiſtening with the ſpirit of nitre any 
kind of earth that is free from phlogiſten, and treat- 
ing it as I had done the red lead in the laſt- men- 
toned experiment, there remained at that tima 
no doubt in my mind, but that atmoſpherical air, 
or 
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or the thing that we breathe, conſiſts of the nitrous 
| acid and earth, with ſo much phlogiſton as is ne- 
ceſſary to its elaſticity ; and likewiſe ſo much more 
as is required to bring it from its ſtate of perfect 
purity to the mean condition in which we find it. 
From the following experiments it will appear 
that the quantity of dephlogiſticated air depends 
upon the quantity of the ſpirit of nitre made uſe 
of in the proceſs, the quantity of fixes air _ 
nearly the ſame in all the caſes. 
Prom an ounce of red lead, heated in a gun ber 
rel, I got about an' ounce meaſure of air, which 
all together was worſe than common air; an effect 
which J attribute, in a great meaſure, to phlogiſton 
diſcharged from the iron. The ee aes WA air 
eee eee en, bree. 3 20 . 
From an ounce meaſure of the Ame 100 lead, 
dilvted with half ſpirit of nitre and half water, 1 
got twelve ounce meaſures of air, the laſt produce 
of which was highly nitrous. Half of this quan- 
tity was abſorbed by water, and the remainder was 
twice as good as common air. 
dem an once” of the ſahe red lead, diluted 
with the ſame ſpirit of nitre, without water, I got, 
by the ſame treatment, about thirty ounce meaſures 
ma _ about one eighth of which was abſorbed by 
ene, wene the reſt was highly enn | 


From 
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From the ſame quantity. of red lead, moiſtened 
with twice the quantity of the ſame ſpirit « of nitre, " 
I got about ſixty ounce meaſures of air, a, very _ 2 
ſmall part of which was abſorbed. by water, and = 
the reſt was as highly nee as that i 
the.laſt experiment. | 

The produce of air was quicker, with the fame. 
degree of heat, in proportion as the quantity pro- 
duced was greater; and in the laſt proceſs the air 
was very red in the inſide of the veſſel that zeccived | 
it, for a conſiderable time. 

For this purpoſe. I tried, with Keen — of 
inc, chalk, quic lime, flacked lime, tobacco pipe clay, 
flint:and Muſeovy talck, with other ſimilar ſubſtances, | 
which will be found to comprize almoſt all the kinds 
of earth that are eſſentially diſtinct from each other, 
according to their chemical properties. 

I was the more confirmed in my idex of ſpirit 
of nitre and earth conſtituting reſpirable air, by 

finding, that when any of theſe matters, on which 
I had tried the experiment, had been treated in the 
manner above- mentioned, and they had thereby 
them by this proceſs; yet when they had been 
moiſtened with freſh ſpirit of nitre, and were treated 
in the ſame manner as before, they would yield as 
much dephlogiſticated air as at the firſt, ,, This 
1 25 | may . 
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may be repeated till all the earthy matter be ex- 
hauſted. It will be ſufficient to recite one or two 
facts of this kind from my regiſter. 

April 18, 1 took the remains of the freſh made 
ted lead, out of which a great quantity of dephlo- 
giſticated air had been extracted, and moiſtening | 
about three quarters of an ounce of it a ſecond time 
with ſpirit of nitre, I got from it about two pints 
of air, all of which was nearly ſix times as pure 
as common air. This air was generated very faſt, 
and the glaſs tube through which it was tranſmitted 
was filled with red fumes; the nitrous acid, I ſup- 
poſe, prevailing in the c ition of the air, but 
mmm 
wards received. 
In chis, and many other cuobcotids; my reader 
will find a great variety in the purity of the air 
procured from the ſame ſubſtances. But this will 
not be wondered at, if it be conſidered that a ſmall 
quantity of phlogiſtic matter, accidentally mixing 
with the ingredients for the compoſition of this air, 
depraves it. It will alſo be unavoidably depraved, 
jn ſome meaſute, if the experiment be made in 4 
gun barrel, which I commonly made uſe of, when, 
as was generally the eaſe, it was ſufficiently exact 
for my purpoſe, on account of its being the eaſieſt, and 
192818 reſpects, the moſt commodious inſtrument. 
| The 
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The reaſon of this is, that if the produce of air 
be not very rapid, there will be time for the phlo- 
giſton to be a from the iron itſelf, and 
to mix with the air. Accordingly 1 have ſeldem 
failed to find, that when 1 endeavoured to get all 
the air I poſſibly could from any quantity of ma- 
terials, and received the produce at different times 
(as for my ſatisfaction I generally did) the laſt 
was inferior in purity to that which came firſt. 
Not unfrequently it was phlogiſticated air; that is, 
air ſo charged with phlogiſton, as to be perfectly 
noxious, If, therefore, any perſon ſhall propoſe ta 
make dephlogiſticated air, in large quantities, he 
mould have an apparatus appropriated to that pur. 
poſe; and the greateſt care ſhould be taken to 
keep the inſtruments as clear as poſſible from all 
Phlogiſtic matter, which is the very bane of purity 
with reſpect to air, they mY _ yur and 
minus vo each other. * | 

In theſe experiments I n 
not giving ſufficient beat to the mixture 'of red lead 
and vitriolie acid, or rather by uſing a gun barrel, 
Had I been then in poſſeſſion of the excellent earth 
bes with which Mr. Wedgwood fo furniſhes 
me, I ſhould eee e eg 
r Fa | 
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A more particular e of ſome prag ir the 


Produftion of depblogiſticated Air, in ordgr ta de- 
termine what Kind of Earth was moſt proper to 


mix with nitrous Acid "yy the 1 


AVING ſeen ſufficient reaſon, as 1 at firſt 


thought, to conclude that reſpirable air con- 
fiſts of nitrous acid and earth, my object, in all 
this courſe of experiments, was ſimply to find what 
kind of earth was moſt proper for this purpoſe, or 


union with the nitrous acid. Upon the whole, I 
think it will appear that the metallic earths, if they 
be free from phlogiſton, are the moſt proper, and 
next to them the calcareous earths; but that a very 
great difference in the production of this kind of air 


the 


are made. 


The pureſt air that I at that. ipipragumed mark 


from flowers of zinc, moiſtened, as in the other 
proceſſes, with, ſpirit of nitre, and put into a glaſs 
phial, with a ground-ſtopper and tube. At firſt 
1 deſpaired of getting any air at all from the pro- 
| ceſs; 


aca li tm aan an i= a oP — 8 08 


which had the molt aptneſs to form. this peculiar 
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ceſs; but at length it came in a prodigious torrent, 
and was fo cloudy, that the burſting of every bub- 
ble, after it had paſſed through the water, refern- 
bled the burſting of a bag of flour. The tube 


through which it vas tranſmitted was exceedingly, 


red, and in ſome degree, the inſide of the receiver 
too; as might be perceived amidſt the thick cloud 
that filled it. This cloudineſs of the newly- gene 
rated air, I have oſten perceived in the proceſs 
with red lead, but never in ſo great 2 
in this caſe. 
| «The ati alc eee 
| pints, from about half an ounce meaſure of the 
flowers of zinc; and it was ſo highly dephlogiſti- 
cated, that it took three times its, bulk of nitrous 
air before its dimenſions were increaſed. When it 
had got only twice its bulk of nitrous air, it was 
tie. The laſt produce came very lowly, and was 
not quite ſo pure. The flowers of zinc, which 1 
uſed in this experiment, formed a very hard and 
britle ſubſtancem when mixed with ſpirit. of nltre, 
and dried. Alter dhre proceſs Lins and broke 
the Phial 1 into, many pieces. 413 Auge {Al 
Next to the metallic ee ee zinc 
bun the cahauainthn the moſt) proper for the 
production of dephlogiſticated air; but I had no 
opportunity 'of trying any great veriety of them. 
Vor. II. | K The 
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The beſt that I did try was chalk.. Having ſatu- 
rated half an ounce of it with diluted ſpirit of nitre, 
and dried it, I got from it, in a gun barrel, more 
than a pint of air, which was highly dephlogiſti- 
cated, I began to receive this produce in quick- 
filver, the conſequence of which was, that the nitrous 
acid, coming over in the form of vapour, diffolyed 
the quickſilver, and made nitrous air; but a cruſt 
being formed upon the furface of it, prevented the 
ſolution of more, and the air continued red a hong 
time, 

From another ounce meaſure of chalk, Para | 
in tie fame manner, 1 got above Quart of air; 
What 1 took firſt was conſiderably nitrous, twa 
meaſures of common air and one of this, occupy- 
ing the ſpace of two meaſures and a half. The 
ſecond pint was dephlogiſticated ſo that two mea- 
ſures of it, and five of nitrous air, ocupied the ſpace 
of two meaſures. The laſt Was leſs dephlogiſti- 
cated, being about one half better than common 
air. At this time the air was generated with pro- 
digious rapidity; the glaſs tube through which it 
was tranſmitted was exceedingly red; and when, 
in changing the veſſels, ſome of che vapour eſcaped 
into the air, it had the reddeſt re) 
thing that I had ever ſeen of the kin. 

Having faturated half an ounce of eaten 
En quick-lime wich diluted ſpirit of nine, dd 
rY it, 
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it, and put it into a gun barrel; I got froiti it about 
a pint and half of air, che firſt part of which was 
ſo far dephlogiſticated, that it required an equal 
meafure of nitrous air to ſaturate it. The ſecond 
was no better tian common air, and che third was 
equal to the firſt. Ini this proceſs the air was pro- 
duced very irregularly, ſometimes coming in great 
eee thus ee An rbſh 
back into the tube. 1 
1 ropekeod che-emptrimn trick Ode, 1 
| glaſs phial and tubey/ when the. whole quantity was 
ſo pure, that it required twice its hulk of nitrous 
air to ſaturate it. The produce A e 
periment; was as irregular. as in the preceding; | 
It is ſufficiently: erde from det experiments 
that dephlogiſticated air is produced by: means of 
all kinds of earth mixed with ſpirit of nitre only _ 
that à greater quantity of air is. Produced from 
ſome than from others; the advantage in this! re- 
ſpect being on the ſide of the metallic and calcare- 
dus earths. The reaſon, though I was not then 
aware of it ĩs, that thoſe earths, by their affinity to 
the nitrous add, retain it till it can be acted upon 
by dhe fire, For in all caſes it is the acid only, 
and not the earth; from which the air comes. 
I would obſerve, that this proceſs ſeems to furniſh 
a pretty accurate teſt, perhaps the moſt accurate 
hitherto known, of the preſence of phlogiſton in 
| K 2 | bodies. 
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bodies. Nitrous air contains ſo much phlogiſton, 
that I think it cannot be produced unleſs the mate- 


rials themſelves contain it in a very conſiderable 


degree. Whereas, if the air be highly dephlo- 
giſticated, I think it may be conſidered as the moſt 


ſatisfactory proof we are yet acquainted with, that 


the ſubſtance contains no phlogiſton at all. 
I had at this time made trial of no more than 
two of the metallic earths, viz. thoſe of lead and 
Zinc. The reaſon why I did not proceed any far- 
ther in this way was, that I knew not how to pro- 
cure the earths of the ſeveral metals in a ſtate 
tolerably free from phlogiſton, without which I Was 
well aware they would have yielded nitrous or phlo- 
giſticated air, and not dephlogiſticate. 
But I afterwards hit upon a method of coming 


at the pure earth of all the metals, with the leaſt 


trouble poſſible, alſo of determining the quantity 
of phlogiſton they each contain, with the quantity 
of pure earth which remains after all the phlogiſton 
is expelled, and the quality of it, with reſpect to what 
I chen thought its convertibility into air. This is effect 
ed by diſſolving the metals completely, and diſtilling 
the ſolution to dryneſs in a glaſs veſſel, then emiploy- 
ing more ſpirit of nitre, till as much as I pleaſe of it be 
converted into air. If much Phlogiſton do not adhere 
to the calx of the metal, pure air will be procured at 
che very firſt TO bur if the earth be very im- 

pure, 
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pure, by containing much phlogiſton, the Whole of 


the firſt! produce will be nitrous, or phlogiſticated 
air, and pure air may not be procured till the 
ſecond or third proceſs. It was from copper that 


1 firſt procured air in this manner, as will be related 


preſently when I come to treat of air from that 


metal. But I chuſe, for the ſake of better order, 


to begin with my accounts of the more perfect 
metals, before I mention the more imperfect ones, 
and I ſhall relate all the appearances, though ſome 


of them are not to the preſent purpoſe. 


I diffolved a quantity of gold in aqua regia, and 


found that it had loſt four grains in weight. During 


this ſolution it yielded an ounce meaſure of air, 


mixed with a good deal of acjd vapour; for when 


lime water was admitted to it, though it did not 


become in the leaſt degree turbid, it abſorbed more 
than half of the air. After this I diſtilled the ſolu-. 


tion to dryneſs, and got from it about half an ounce 


meaſyre of air, half of which, judging by the ſame 
appearances, was acid vapour, and the remainder 
pure dephlogiſticated zir. A browniſh powder re- 
mained, which, being collected as carefully as I 
could, weighed three grains; ſo that the air above- 
mentioned had been produced from one grain of 
gold only, and probably ſomething leſs. The pow- 
der that remained was pure gold, being ſoluble in 
aſua regia, as I found ſome months afterwards, 
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Tbis ſolution of gold was made in the common 
aqua regia, conſiſting of one fourth of marine acid 
and three fourths of ſpirit of nitre; and it was re- 
markable that when I made another ſolution of 
gold in that kind of aqua regia which I made by 
impregnating marine acid with nitrous vapour, 
(which is a much more powerful menſtruum for 
gold than the common aqua regia, yet comgining 
leſs ſpirit of nitre) ſo great a quantity of the air 
procured from the ſolution was not dephlogiſti- 
cated, The pate! of this 197 5 were as 
follows. 5 

I diflolved a genere of ad in this new, 
but more powerful kind of aqua regia and diſtilling 
| the ſolution to pgs in a glaſs phial, with a 
ground ſtopper, 1 got from it about eight ounce 
meaſures of air, which did not make lime water 
turbid, but was ſo much abſorbed by water, that 
not more than one fourth of an ounce meaſure was 
leſt; and this was not better than common air, but 
it might be a little deprayed by ſome part of the | 
acid vapour ftill remaining in it. When this pro- 
ceſs approached to dryneſs, the recipient was filled 
with an exceedingly thick and white cloud.. In 
this experiment alſo the reſiduum was intirely diſ- 
ſolved by freſh aqua regia.” 1 

In ͤ8ſome of theſe experiments 1 imagined that all 
the e was not wholly diſſolved: by agua 


I | | regia, 
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regia, but the quantity undiſſolved was exceedingly 
ſmall, and might be ſome impurity in the gold that 
I made uſe of. However, that a real calx of gold 
was produced in theſe experiments, is, I think, pro- 


bable, from the inge given to the glaſs in which 1 
the proceſs was made, which, when the heat was 1 j 


conſiderable, was partly purple, and partly a dark 11 
gold colour, which no acid would touch. But I f 
muſt obſerve, that a very ſlight tinge of the ſame i 
colour I once obſerved to be given to a glaſs veſſel i 
of the ſame kind, in which nie only had Been 9 
melted. I am not, therefore, abſolutely ſure that, 
in the former caſe, the tinge was given by the gold, | 

though I think it by much the moſt probable ſup- 
poſition. | 

From four pennyweights ſix grains of filver diſ- 
ſolyed in the nitrous acid, diluted: with one third 

| part of water, I got five ounce meaſures of nitrous \ 
air; and removing the veſſel to a ſand heat, I got 
a little very pure air, without any mixture of ' fixed 
air; but the veſſel breaking, I cannot tell how 
much more might have been procured. | 


I poured diluted ſpirit of 6 


till I had got about three ounce meaſures of nitrous 
air without the application of heat ; when pouring 
out the undiſſolved quickſilver, I put the ſolution, 
together with the cryſtals (a third part of the veſſel 
being filled with them) into a ſand . when 1 


K 4 got 
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immediately after that about the ſame quantity of 
the pureſt dephlogiſticated air. During the rapid 
production of this air, it was exceedingly white, and 
the tube through which it was conveyed, was very 
red with the redundant nitrous vapour. Towards 
the end of the proceſs the tube was tranſparent, and 
colourleſs, though the air burſt in _— clouds 
within the recipient. 

The firſt time that 1 procured gephlogiſticared 
air from copper, was from the calx of that metal, 
which remained after I had diſſolved a quantity of 
it in oil of vitriol in order to procure vitriolic acid 
air, and of which I had a pretty large quantity ; 
having generally preferred this metal for that pur- 
poſe. This ſubſtance, when it was well dried, 


was white ; but on putting ſpirit of nitre upon it, it, 


and drying it again, it beeame green. From this 
ſubſtance, thus prepared, making uſe of a gun bar- 
rel, I got about twenty times its bulk of air, of 
which about one half was fixed air, being readily 
abſorbed by lime water, and making it turbid; 
and the reſiduum of the firſt portion was nitrous 
air, but that of the laſt dephlogiſticated. 


In this manner 1 procured dephlogiſticated air 


from a calx of copper previouſly formed, pouring 
ſpirit of nitre upon it, as I had done before on red 
_ and the flowers of zinc; but I afterwards ef- 


fected 


— » 
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fefted the fame thing 1 in an eaſier manner, viz. by 
diſtilling to dryneſs the very ſolution of copper 
from which I had juſt before produced nitrous air ; 


which I at firſt did with a view to aſcertain 'whe- 
ther there was any fixed air in that ſolution. It is 


well known that the ſolution of copper in ſpirit of 


nitre yields only nitrous air; but ſome conſidera- 
tions had led me to ſuſpe& that there might be 
fixed air in that ſolution, diſcoverable by a boiling 
heat, in the manner in which J had applied it, in 
order to expel fixed air from water and various 
other fluids. | 

With this view I filled a large phial with this 
ſolution, having a. conſiderable quantity by me, re- 
maining from moſt of my experiments on nitrous 
air; having made it a rule, as much as poſſible, to 
throw nothing away, if I could make room for it. 
No fixed air, however, was procured from this ſo- 
lution in the manner that I had expected; but con- 
tinying to make it boil, and ſupplying it with freſh 


liquor, as the preceding evaporated, I at length got 


into the phial all the ſolid materials of a very large 
quantity of that ſolution ; and when it approached 


to dryneſs, air came from it in very great abun- 
dance. I might have caught, I believe ſeveral 


quarts, A conſiderable quantity I did collect, and 


found about half of it to be fixed air; and the re- 
liduum dephlogiſticated. The air was as exceedingly 
cloudy, 
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cloudy, and mixed with much red vapour, After 
the proceſs there remained a black powder. lib 
To chis black powder I applied ——ů— 
tre, when it preſently became very hot, and-fumed; 
and being dried again aſſumed a green. colour, at- 
5 tracting much moiſture from the air. Being again 
made thoroughly dry, I put it again into a gun bar- 
rel, and with a ſtrong heat, got from it about two 
pints of air, which I received in three portions, and 
obſerved that one half of each was fixed air, the re- 
ſiduum of the firſt and laſt nitrous, and that of the 
middle dephlogiſticated. That the laſt reſiduum 
was nitrous,” I attribute to the gun barrel, eſpeci- 
; ally as the air came very ſlowly. After this pgs 
very little of the black powder remained. ret 
e Having got a quantity of nitrous air from iron, 
in the uſual manner, that is, in a phial with a ground 
ſtopper and tube, where the common air had no ac- 
ceſs to it, I immediately took the reſiduum, with- 
out giving it an opportunity of getting any thing by 
communication with the external air; and, in a red 
ſand heat got from it about the ſame quantity of air 
that it had before yielded of nitrous air. One half 
of this was fixed air, precipitating lime in lime wa- 
ter, and being readily abſorbed by water, and the 
remainder was altogether nitrous. 
It is evident from this experiment that iron con- 
tains more phlogiſton than copper. The cork, in- 
— 
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deed, which I made uſe of in extracting tis Ar, 
was evidently corroded in the experiment; and 
might contribute a little, both to the fixed and the 
nitrous air; but the ſame cork had betn uſect be- 
fore in the experiment witk the copper, "which, 
notwithſtanding this circumſtance, had eee * 
pureſt air. 

Being determined, if podle, to . 8 
Phlogiſton in the calx of iron, by the addition of 
more ſpirit of nitre, I repeated the I 
uſing e phial with a ground ſtopper, in 
ſand-heat, às before, I got three ounce — 
of air, which was highly dephlogiſticated. A fmall 
part of this air, however, was evidently _ air, 
making lime water turbid. 

The bulk of the reſiduum was gil of che fame 
dark brown colour with the common ruſt of iron; 
but towards the neck of the phial a part had been 
ſublimed of a light red colour, and above that again 
was a powder of an exceedingly beautiful _— to 
appearance exactly like ſulphur. 

I have not made trial of all the /emi-metals ; hav- 
ing hitherto confined my experiments to zinc, b1i/- 
muth and antimony, all of which yield a conſiderable 
quantity of pure air by a direct proceſs, biſmuth 
being not much inferior to zinc in this reſpect ; but 
I have not made any accurate compariſon of them. 


Putting 
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Putting the ſalt formed by the ſpirit of nitre and 
biſmuth into a glaſs veſſel, and diſtilling to. dryneſs, 
with a ſand-heat, I procured from it about twenty 
times its bulk of air, in the firſt part of which there 
was ſome fixed air; butall the reſiduum was pure 
dephlogiſticated air, eſpecially at the laſt. | 

Having poured a quantity of ſtrong ſpirit of nitre 
upon ſome powder, and ſmall fragments of antimony, 
the whole was reduced, after ſome days, to a whitiſh. 
ſubſtance, of a pretty thick conſiſtence, without 
yielding any air. A quantity of this ſolytion 1 put 
intq a glaſs veſſel, and with a very ſtrong ſand-heat 
I got from it about ten times its bulk of air, about 
one third of which was fixed air, being readily ab- 
ſorbed by water, and making it turbid, and the re- 
mainder was dephlogiſticated. Towards the end of 
the proceſs the proportion of the fixed air was, as is 
uſual, very ſmall, and the dephlogiſticated air was of 
the pureſt kind, 
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| iS FRA "wi walk more ** any other 
perſon, indebted to what are commonly called 
eccldans; (L mean with reſpect to us; for, in the ge- 
neral plan of nature, and with reſpect to that great 
Being who conducts and appoints every thing, there 
cannot be any ſuch thing as accident) ſo have I been 
| very often prevented by other accidents from. mak- 
ing valuable diſcoveries, to which I had made near 
approaches. This was. remarkably the caſe with 
reſpect to the production of dephlogiſticated air 
from ſubſtances containing the vitriolic acid. For 
had I, in what I improperly ſuppoſed to be an expe- 
rimentum crucis, made uſe of the calx of perhaps any 
other metal beſides lead, on which the vitriolic acid 
has no proper action, I could not have failed to hit 
upon what the better genius of Mr. Landriani 
brought him acquainted, with. Having, as I ob- 
ſerved before, got a quantity of red lead which was 
in a ſtate to give little or e n n 
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air from it, in great abundance, by means of the 
nitrous acid, but none at all by means of the vi- 
triolic or marine acid, I therefore concluded, that 
the nitrous acid, and not either of the other mi- 
neral acids, enters into the cv ion of dephlo- 
giſticated, or atmoſpherical air. 

It was not till after I had made the experiments 
before recited on manganeſe, and other mineral ſub- 
ſtances, that I thought of ſubjecting green vitril, 
and other faline matters, to the ſame trial. It is 
true I had tried them before; but the method 
was not adequate to the purpoſe. And though I 
had even got a ſmall quantity of air conſiderably bet- 
ter than common air from Roman 4401, T had con- 
cluded that *<* there mut certainly have been ſome 
ce nittous acid in that Roman vitriol.. In this caſe, 
therefore, as in the experiments with nitre and 
alam, I had made a Gſcovery without - being ſen« 
fible of the value of it, of indeed underſtanding it. 
Nor, when 1 refund hy erperitmenes on vitriol, 
had 1 any expectation of getting from it any thing 
beſides fixed air and water. However, having eve- 
ry thing at hand, 2 very flight motive was ſuffieient 
to induce me to include this ee oy ha ma. 
deſtine for the ſarhe*Proceſs; Wd "off 
In this winner; therefore, without ed Uh 
20d ffblt, bn the züth of November 177%, 1 
putian gunce of greenvittiolinto a glaſs veſſel, and. 

with 
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with a ſand heat got from it, at:firſt, after the com- 
mon air was expelled, and the vapour of the water 
combined with it was come over, a little fixed air; 
then, after ſome interval, a large quantity of vi- 


triolic acid air; the reſiduum of which was at firſt 


hardly perceivable, but was-afterwards conſiderable, 
and chiefly fixed air. When the reſiduum was ſtill 
more conſiderable, I found that it was diminiſned 
by nitrous air. At length it had no mixture of vi- 
triolic acid air, but was very turbid, and appeared 
to be pure dephlogiſticated air, except that, atathe 
laſt, it was not quite ſo pure as before. Of chis 
dephlogiſticated air, I collected ten ounce meaſures. 
What remained in the glaſs veſſel was N 


weights, of a purpliſh coloured ochre. - ot: 


LNotwithſtanding this evident halbduBtink eum 
_ fiderable quantity of dephlogiſticated air from green 


vitriol, which is a combination of iron and the vi. 


triolic acid, I ſtill ſuſpected, as in the caſe: of the 
Roman vitriol mentioned before, that, by expoſure 
to the common atmoſphere, or in ſome other un- 


known manner, this vitriol, which had been bought 


ad a eommon ſhop might hàve got ſome mixture 
of ſpirit of nitrei I thereſbte made a quancity of 
vitriol myſelf; by diſſolving iron flings in oil of vi- 
triol, 'dilutedwith.wvater; - This vitriol, treated u 
the former had been, yielded"aiy of all the füt 
kinds, and in tho. ſame proportlons, as in the. pre- 
Nau ceding 
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ceding experiment; the dephlogiſticated air, as 
then, being very turbid, and exceedingly pure. 
The firſt air that came over was the common air 
in the veſſel, a little phlogiſticated. A very ſmall 
quantity of fixed air was ſtill obſerved” in the reſi- 
duum of the vitriolic acid air, ae aſter the 
dephlogiſticated air was procured. 
In making the vitriol for all the above e 
experiments, I had taken care that the cryſtals ſnould 
be formed at the bottom of a deep glaſs veſſel, ſo 
as. to have no viſible communication with the ex- 
ternal air; and I had alſo covered the veſſel as care- 
fully as I could during the proceſs, and had ſpent 
as little time as poſſible in'conveying the vitriol from 
the veſſel in which it was formed into that in which 
it was to be diſtilled. I determined, however, to 
avoid the ſmall objection to which this trifling ex- 
poſure to the air was liable, and therefore next 
made the diſtillation in the ſame retort in which 


tion of the ſame proceſs, ſo that all communication 


For this purpoſe I diſſolved fix pennyweights 
four grains of iron in diluted Newman's oil of vi- 
triol, and diſtilling to dryneſs in a retort with a long 
neck, I got from it, after the common air was ex- 
pelled, a ſmall quantity of fixed air; a prodigious 
quantity of vitriolic acid air, and likewiſe about 


tw-enty 
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twenty two ounce meaſures of the pureſt dephlo- 
giſticated air. | 
Being now ſuficiendy facafied that pure oil. of vi- 
triol would always yield dephlogiſticated air with 
iron, it only remained to try whether the ochre re- 
maining from the former experiment, from which 
air had been procured, would yield more air with 
more oil of vitriol, nnen 
and ſpirit of nitre. i 
Accordingly, eee eee 
ſiduum (obſerving that it became very hot by this 
2 as red lead does with ſpirit of nitre) and 
then, with a red heat, in a glaſs retort, it yielded a 
quantity of vitriolic acid air, no fixed air, but twen- 
ty four ounce meaſures of dephlogiſticated air; when, 
the retort being melted, a good deal of the air was 
neceſſarily loſt ; for the produce of air had not be- 
gun to ſlacken when this accident happened; and 
about half of the matter turned red, while the re- 
mainder was white. From this circumſtance I con- 
cluded, that before I had not got more than half 
the air that it would have yielded. Reſuming the 
proceſs, in a gun barrel, I actually got about as 
much air as I had done before. 
1 had not now the leaſt doubt remaining but that 


the acid of vitriol, at leaſt with iron, is capable of 


W generating W air, as well as 
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the acid of nitre with lead, or any other ſubſtance 
whatever, | 

To complete my experiments on the vitriolic 
44 and iron, 1 took half mn ounce of the mihi 
ruſt of iron, ſuch as is uſed by apothecaries; and 
pouring upon it a quantity of that acid, obſerved 


that it imbibed it very eagerly, and became of a 
dark and almoſt 4 black colour. Then uſing a gun 


barrel, I got from it two or three pints of air; all of 


which was fixed air, but with 4 large reſiduum, 
about a third of the whole, phlogiſticated air, 

As the common ruſt of iron contains a good deal 
of phlogiſton, 1 did not expect any better reſult 
from this experiment. But having, in ſome mea- 


ſure, purified it by this proceſs, I put more oil of 


vitriol to what remained of the ruſt of iron, and then 
I got from it only a little fixed air, and fixteen ounce 
meaſures of dephlogiſticated air, 

Having got an indiſputable. production of pure air 
from iron, by means of the vitriolic acid, it was na- 


rural for me to proceed to ſimilar experiments on 
other metals, with the fame acid. And, in the firſt 


place, I made the proper trials with the two re- 
maining kinds. of vitriol, the Hue , Into which copper 
enters, and the white, which is compoſed of zinc; 
and having now no doubt remaining with reſpect to 
the purity of the vitriolic acid which enters into the 
compoſition of theſe kinds of vitrioh, 1 ene 


myſelf 


$31), ovutodierioared' An. tf 
myſelf with ſpecimeris bought at the ſhops, and did 
not think it neceſſary to rake the trouble to compoſe 
them myſelf 

From about half an ounce of blue vitriol, in a glaſs 
veſſel, I got a little fixed air, and one ounce mea- 
ſure of dephlogiſticated air. The veſſel breaking, 
1 put the materials into a gun barrel, and then got 
from them about twenty five ounce meaſures of de- 
phllogiſticated air, with hardly any more fixed air. 
The greateſt part of this air was very turbid. 

To finiſh my experiments on the three vitriols, I 
took an ounce of calcined white vitriol, and, with 3 
gun barrel, I got from it a great quantity of vitriolic 
acid air, ſome fixed air, with five ounce meaſures . 
of dephlogiſticated air. At another time, from one 
ounce of this kind of vitriol, but uncalcined, I got 
only about twoounce meaſures of air, part of which was 
fixed air, and part dephlogiſticated air; not reckon- 
ing a great quantity of vitriolic acid air, which came, 
as uſual, before the dephlogiſticated air. 

I did not think it of much conſequence to my 
purpoſe to go through all the metals with this pro- 
ceſs, and therefore only made a trial of fuch as I 
happened to have at hand. 

I diffolved an ounce of quickſilver, purified by 
agitation in water, in pure vitriolic acid, in a green 
glaſs retort. During the diſtillation to dryneſs the 
retort broke; but collecting the materials as well 

L 2 as 
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as I could (in which perhaps one tenth of the whole 
might be loſt): I put them into a freſh retort, and, 
expoſing them to a red heat, got from them a great 
quantity of vitriolic arid air, a good deal of fixed air, 
and about fifty ounce meaſures of en en 
air. | 
During the proceſs the Akten boiled violently i in 

the form of a red liquor, while the upper part of 
the retort was coated with a whitiſh - ſort of matter. 
As the heat reached this coating, it alſo became red; 
and during the whole proceſs that which evaporated 
was collected on the ſides of the retort, and then de- 
ſcended to the bottom, like drops of blood, or red 
ink, ſo as to make a very plealing appearance, 

After the proceſs, a very little reddiſh matter re- 
mained at the bottom and on the ſides of the retort, 
which, as well as that which was collected at the 
neck of the retort, became white when it was cold. 
Very little of the quickſilver was revived, 
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Fou an ounce of alkined 15 prepared 

ſome months before, 1 got about ſix ounce 
meaſures of air, all quite as good as, or better than, 
ecormmon air, and without any fixed air in it. The 
proceſs was in a gun barrel, and the reſiduum of the 
alum was very hard. This J moiſtened with oil of 
vitriol, ſtill keeping it hard and dry; and, in a gun 
barrel, it yielded again two or three ounce meaſures 
of air, chiefly fixed air, and at laſt ſome that was 
about as good as common air. After this it was 
remarkable that this matter abſorbed” air, perhaps 
about an ounce meaſure” in all. This I obſerved 
twice, and it may be worth while to inveſtigate this 
circumſtance a little farther. * 

I afterwards made one experiment in order toal- 
certain the quantity of this pure air, that a given 
quantity of alum could be made to yield. For this 
purpoſe I put one-ounce and fourteen pennyweights 
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of calcined alum into an earthen retort, and by 
means of a reverboratory furnace I extracted from 
it one hundred ounce meaſures of air, a ſmall part 
of which was fixed air, and the reſt ſo pure, that 
with two equal quantities of nitrous air, the mea- 
ſures of the teſt were 1.0. 

The water in which, this air was recalved waz 
ſtrongly impregnated with vitrialic acid air. This 
air containing much phlogiſton, and in a ſtate in 
which it can be imparted to air, was, no doubt, 
the reaſon why the air in this caſe was not ſo pure 8 
that which is obtained from nitre. Otherwiſe this 
would be the cheapeſt and beſt method of procuring 
dephlogiſticated air. 

Collecting what morpingd of the alum, it weighed 
fifteen pennyweights, and ill had the taſte of alum, 
though not very ſtrongly, More heat would pro- 
bably have expelled: all the acid, and conſequently | 
would have procured more dephlogiſticated air. Alſo 
had the air been quite pure, it would, no doubt, 
have been much more in quantity, If the weight of 
the alum, and of the reſiduum aſter this proceſs be 
compared, it will be found that this one hundred 
ounce meaſures of air occaſioned. the loſs of only 
nineteen pennyweights, that 1s, not quite an ounce, 
of the alum, and ſince the one hundred ounce mea- 
lures of dephlogiſticated air would weigh about ſixty, 
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fix grains, the weight of che vitriolic acid aär, with 
which the water was impregnated, ne 
at ſixtcen pennyweigits ſix grains. 

Another time I got ſixty ounce meaſures of air 
from an ounce of alum, which is in about the ſame 
proportion as in the former experiment. But it. 
had been ſo well caleined previous to this proceſs, | 
that ſome of the air had probably been expelled in 
that operation; and ſtill what remained taſted very 
ſenſibly of alum... This air being examined, the 
meaſures of the del, arp two equal quantities .of 
nitrous air, were Lis There was hardly the leaſt 
ſenſible quantity of fixed air produce. 

It is eaſy to conceive, chat till any ſubſtance be 
completely dephlogj icated, it cannot yield dephlo- 
giſticated air; and it is forething remarkable, thas 
a red colour ſhould be the criterion. of dephlogiſtica- 
tion, both in the calx of iron, and of mercury, 
Accordingly, when mercury is diffolved. i in ſpirit. of 
| nitre, the produce is pure nitrous air, not hw, dux: 
ing the ſolution itſelf, but alſo during, the the a 
tion of heat to the, yellow concrete mals, tha 
formed by the evaporation | of the ſolution ; 1 - 
dephlogilticated air is produced the red preci- 
pitate is completely Grmed But t e action of heas 
upon this red ſubſtance is always followed by the 
produCtion of pure air, as much a as from the * 
pitate per ſe. ; 
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It is alſo evident from this experiment, that the 


air produced in it does not come from the atmoſ- 


Phere, which has been conjectured with reſpect to 
ſome of the proceſſes for procuring dephlogiſticated 
air; but muſt have been contained in the ingre- 
__ viz; ſpirit of nitre, 

Io half an ounce of guick lime, I put oil of vi- 
trio] till it weighed one ounce four pennyweights, 
when it made a hard maſs. This J pounded, and 
putting it into a gun barrel, I got from it, in all, 
about 'ten ounce meafures of air, the greateſt part 


of which was fixed air ; but towards the laſt, when 


the heat was as great as I could make it, in a com- 
mon fire, urged with a pair of bellows, the reſi- 
duum was as good as common air, or rather better. 
This air came over very turbid. | 
concluded from many experiments on ſub- 


ftances containing marine acid, that it differs 


eſſentially from both the vitriolic and nitrous in this, 
that it cannot, by any combination whatever, be 
made to yield dephlogiſticated air, at leaſt with the 
degree of heat that I was able to apply. But 
other perſons have procured it by means of this 
acid, as Mr. Landriani, who firſt ſucceeded in 
this proceſs, and then Mr. Bertholet, I have now 
procured this air by means of the acetous acid, and 
though the fact is but of little conſequence, and the 


expe- 
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experiment was made with another view, it may not 
be amiſs to recite the particulars of it. | 

Having mixed half an ounce of radical vineger 
with two ounces of calcined whiting, I got from it, 
by heat, in an earthen retort, 350 ounce meaſures 
of air, of which about one third was fixed air, but 
more than this in the firſt portions, and leſs in the 
laſt, The ſtandard of the reſiduum in the firſt 
portions was 1.66, in the ſecond 1.42, and in the 
third 1.38; which was very near the purity of com- 
mon air. The whiting then weighed 760 grains. 
I then put a quarter of an ounce more radical vine- 
Sar to it, and without taking ay account of the 
quality of the air, only obſerved that I got 120 
ounce meaſures from it, and that the reſiduum 
weighed 730 grains. Aſter this I put to it a quar- 
ter of an ounce more of the ſame acid, and got from 
it 140 ounce meaſures of air, of which the laſt por- 
tion had in it no fixed air, and was conſiderably bet- 
ter than common air; but of the exact ſtandard of 
it I find no note. The whiting then weighed 489 


grains. The air had always been yery turbid, 
which accounts for the contigs loſs of t in 
theſe proceſſes, 
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ITH no other vier than to try what kind, 
and proportion. of air, different ſubſtances 
would give in à red heat, I entered upon the ex». 
arpination of manganeſe. Of this I procured a quan- 
tity finely 7 14 m from an ounce of it I. 
got, in a red ſand heat, f. forty. ounce meaſures of ir, 
part of which, in every portion, was fixed air, and 
at firſt almoſt wholly. ſo ; bur four fifths of the laſt 
was the pureſt dephlogiſficated : air. Even che firſt 
t came over, which was. the common air in 

velld, was not in the leaſt phlogiſticated. The 
manganeſe had loſt one pennyweight and a fe 
of its weight, and was not to be diſtinguiſhed Im 
colour (which was black) from what it had bee 
before. A conſiderable quantity of water car 
over during this procefs: -- S148 2% 

That manganeſe ſhould tive fra" ur G uit 
at all ſurprize me; ſince there are few earthy ſub- 
ſtances that do not contain more or leſs of it; but 
I did not at all expect the dephlogiſticated air; as, 
7 1 before 
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before I had imagined that the pitrqus acid. was 
neceſſary to. the production of it, orf at leaſt: the 
influence of the atmoſphere, which I ſuppoſed might = 
depoſit the acid that entered into; its compoſition, 
and. which I coneluded to be the nitrous... On the 
contrary here: was pure air from a ſubſtance which, 
ſar any thing thai appeared, had always, been in 
the bowels of the earth, and never had had any com- 
munication with the external air; and yer it ex- 
aftly reſembled red lead, both in yielding fred aig 
and dephlogiſticated air; and it is known that red 
reine the eee £6 enn! be, made yt 
in contact with the open air. 

I next made. trial of ſome. letis calamineris, fit 
pounding it very figely, then putting an ounce of it 
into one of the ſmall long necked retorts already 
mentioned, and with a red hot ſand heat I got 
from. it 306 ounce meaſures of, air; and making 
allowance for the loſs of air in the veſſels 
in which, I received it, &c. I believe I may ſtate 
the, whole produce at 316 ounce meaſures, the 
F 
meaſures; and, what I did not at all expect, the 
reſiduum, aſter the fixed air had been extracted 
from. it by water, appeared to be geariy ad good 
ag common air. For one meaſure of it and one 

of, nitrous, air occupied the ſpace of ane wm 
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and a quarter. Had the proper reſiduum of fixed 
air been well extracted, the remainder would pro- 
bably have been dephlogiſticated air. What re- 
mained of the Japis calaminaris weighed thirteen pen- 
nyweights fix grains, and' had a lighter colour than 
before. This produce of air I took at different 
times, but the refiduum of the laſt portion was but 
little better than that of the firſt, 
Spirit of nitre made no efferveſcence, and pro- 
* duced no heat, in mixing with the lapis calaminaris. 
It alſo made no change of colour in it, and a' very 
little of the acid was ſufficient to make it ſenſibly 
moiſt ; in all which reſpects it differs very remark- 
ably both from red lead, and from manganeſe. *. 
I next proceeded to the examination of the 
mineral ſubſtance called wolfram, from the mines 
of Cornwall. This 1 pounded, eſpecially the black 
| part” of it, and treating it, in all reſpects, as 
1 had done the lapis calaminaris, I procured 
from an ounce of it, not more than about an 
ouhce meaſure of air, a little of which was fixed 
| air; but the remainder was about the ſtandard 
of common air, It required a great and long 
continued heat to extract this air, and 1 had nearly 
deſiſted from the proceſs before any of it came. 
After the - proceſs the wolfram was, to all appear- 
ae; the ſame as before, Perhaps a greater degree 
| of 
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of heat, in veſſels proper for ſuſtaining it, "al 
have produced a greater quantity of air. Ms 
. Theſe experiments ſuggeſted to me that, poſtibly, 
the expulſion of dephlogiſticated air from theſe, 
and other mineral ſubſtances, might aſſiſt in ſuſtain- 
ing ſubterrancous fires. For phlogiſton ſet looſe 
in the diſſolution of all bodies by ignition muſt be 
received by ſome other ſubſtance, as it is not a 
thing that, as far as we know, can exiſt, except in 
combination with other ſubſtances; and we do not 
know of any thing that can combine with it ſo 
readily as air; and therefore we find that nothing 
can burn but in contact with air, and with change 
of air. = 
When, 1 phlogiſton i is n looks in the ws 
trefactive proceſs, air is not abſolutely neceſſary. 
For, in that caſe, it may be communicated .ta- 
water, and probably to other ſubſtances fluid or 
ſolid. It does not, therefore, certainly follow, that 
there can be no combuſtion without air, though it 
be probable ; becauſe phlogiſton may be able to 
eſcape without the help of air in one way, though- 
not in another. The ſolution of the phenomena- 
of ſubterraneous fires would certainly, however, be 
much eaſier on the ſuppoſition of their ſupplying 
their own pabulum, by means of dephlogiſticated 
air, contained in ſubſtances expoſed to their heat. 
I there 
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1 therefbre defired Nr. Landtiani, who, being it 
Italy, had a good oppoftuhity of making inquiries 
on the ſubject, to inform me whether any of thoſe 


ſubſtances, and particularly mangandſe, be found 
in their volcanos; and his anſwer makes it rather 
probable that thoſe fires are, in part, ſuſtained by 


this means. The extract of his letter, tranſlated 


from the Italian, is as follows. 
With reſpe& to what you deſire to be inform- 
& ed of, concerning the volcanic productions, there 
& jy bound in the zolfatata of Pozzuolo a great 
& quantity of martial vitrio; but I do not know 
te that there is any manganeſe, or lapis calaminaris, 
te found there. The Abbe Fortis, who has lately 
t examined the extinguiſhed volcano of Verona, 
te affures me that, beſides martial vitriol, he has 
t found a quantity of manganeſe there. Sig. 
Volta, having repeated the experiments that I 
* communicated to him, has lately informed me, 
that he has found dephlogiſticated air in calcined 
t roche alum, a ſubſtance which is found in great 
e quantities in all volcanos; ſo that it is out of 
* doubt, that ſubterraneous fires are contitiually 
* fed with dephlogiſticated air, diſlodged from 
_ & fubſtatices proper for fupplying it.“ 
It is very probable, that other mineral ſubſtances 
may contain 9 air as * as theſe; 
and 
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and it is certainly very well worth while to add this 
proceſs to the chemical analyſes of them. Whether 
the ſubſtance be converted into air, or whether it 
contain the air, in a condenſed or combined ſtate, 
like fixed air in chalk, it is ftill of importance to 
know what kind of air they may be made to yield 


by heat; and in time we may be able to aſcertain 
the true origin of ſuch air, 


mixes with 
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OF THE PROPERTIES AND USES OF DEPHLOGIS- 
TICATED AIR, 


SECTION 1 
Of Combuſtion and Reſpiration in dephlogiſticated Air. 


12 not made many experiments on the mix- 
ture of dephlogiſticated air with the other kinds 
of air, becauſe the analogy which it bears to com- 
mon air is ſo great, that I think any perſon may 
know before-hand, what the reſult of ſuch experi- 
ments would be. It is pleaſing, however, to ob- 
ſerve how readily and perfectly dephlogiſticated air 
I air, or air injured by 
reſpiration, putrefaction, &c. each tempering the 
other; ſo that the purity of the mixture may be 
— Ir Gny ar ey 
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the two kinds of air before mixture. Thus, if one 
meaſure of perſectly noxious air be put to one 
meaſure of air that is exactly twice as good as com- 
mon air, the mixture will be about the ihinderd of 
common air. 
I obſerved alſo, in making this experiment, his 
aer raining one meaſare.icf each of theſs/ kinds 
of air, they made exactly two meaſures; ſo that 
there was neither any increaſe nor diminution of 
quantity in conſequence of the mixture, as is the 
effect of mixing nitrous air with either common or 


dephlogiſticated air. 
It may hence be inferred, that a quantity RP 


pure air would agreeably qualify the noxious air of 
a room in which much company ſhould be con- 
fined, and which ſhould be fo ſituated, that it could 
not be: conveniently ventilated ; ſo that from being 


offenſive. and unwholeſome, it would almoſt in- 5 


ſtantly become ſweet and wholeſome. This air 
might be brought into the room in caſks ; or a la- 
boratory might be conſtructed for generating the 
air, and throwing . it into, the room as faſt as it 
ſhould be produced. . This pure air would be ſuf- 
ficiently cheap for the purpoſe of many aſſemblies, 
and a very little ingenuity would be ſuffcient to 
reduce the ſcheme into practice. | 

My reader will not wonder, that, after having 
aſcertained the ſuperior _— of dephlogiſticated 

Vol. II. air 
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air by mice living in it, and the other tefts above- 
mentioned, I ſhould have the curiofity to taſte it 
myſelf, I have gratified that curioſity, by breath- 
ing it, drawing it through a glaGs fyphon, and, by 
this means, I reduced a large jar full of it to the 
ſtandard of common air. The feeling of it to my 
lungs was not ſenſibly different from that of com- 
mon air; but I fancied that my breaft felt pecu- 
harly light and eaſy for ſome time afterwards. Who 
can tell but that, in time, this pure air may be- 
come a faſhionable article in luxury. Hitherto 
only two mice and myſelt have had the privilege 
of breathing it. 

Same of extifiicats beromipeetint « le dende 
about the certainty of the teſt of nitrous air; as a 
meaſure of the wholeſomeneſs of reſpirable air in 
general, and of dephlogiſticated air in particular, 
Ta this I can only ſay, that every thing I have yet 
obſerved leads me to depend upon the accuracy of 
this teſt, with reſpect to dephlogiſticated as well 
as common air; and, according to what I ſhould 
think to be the faireſt method of computation, de- 
phlogiſticated air ſerves even longer for reſpiration 
than, _ it, I ſhould 
have conjectured à priori. 

The moſt ab abode 3 Oak tidy. 
for eſtimating the purity of air, and thereby judg- 
ing of the time that any given quantity of it would 

. ſuffice 
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ſuffice ſor the purpoſe of reſpiration, would be to 
find the quantity of phlogiſton that is required to 
ſaturate it, or which comes to the ſame thing, the 
quantity ot mtrbus alt that is required to bring it 
to the ſtate of perfectly phlogiſticated air. But a 
mouſe will live much longer ina given quantity of 


dephlogiſticated air, than in this proportion, with 


reſpect to common air; owing, I ſuppoſe, to the 
amal not throwing out equal quantities of phlo- 
giſton in equal times, but much leſs at the laſt, 
when the vital powers are Laiguid, than at the 
firſt, - 

I have a glaſs veſſel which I have made uſe of 
in all my experiments with mice, from the begin- 
ing of my reſearches into this ſubject, a conſider- 
able time before I had diſcovered nitrous air. In 
this veſſel, which was a tall beer glaſs, and 
which holds about two ounce meaſures of air 
when a mouſe of a middle ſize is confined in it, 
I never knew it to live longer than half an 
hour, and in general they have not ſuryived twenty 


minutes. Suppoſing, however, the fall time for 


a mouſe's breathing the common air contained in 
this veſſel to be half an hour, I ſhould not have 
expected that a ſpecies of air which required only 
four limes as much nitrous air to ſaturate it, would 
ſuffice for the reſpiration of the ſame animal more 
chan four times as long; and therefore that in this 

M 2 veſſel 


— Os TE IE CAO ng 
— — — K 


164 OBSERVATIONS ON Part II. 


veſſel of dephlogiſticated air, which at a medium 
requires about that proportion of nitrous air to 
faturate it, a mouſe might live about two hours, 
But I believe that mice in general will live con- 
ſiderably longer in that quantity of dephlogiſticated 
I lately put a young mouſe into that very veſſel, 
filled with dephlogiſticated air, ſuch as when mixed 
with two equal quantities of nitrous air, the meaſures 
of the teſt were 0.55. It continued there near three 
full hours; and being taken out alive, the air was found 
to be ſo far from being phlogiſticated, that it was ſtill 
conſiderably better than common air; for, with an 
equal quantity of nitrous air, the meaſures of the 
teſt were 1.05. Perhaps this mouſe being languid, 
in conſequence. of its confinement, did not phlo- 
gilticare the air ſo faſt as it would have done had 
it been more vigorous. But then this may in 
general be expected to be the caſe all mice, 
in the ſame ſituation. b 

I once obſerved, that I on never nj mice 
live in dephlogiſticated air till they had completely 
phlogiſticated it, and I could. not, at: the time of 
writing that article, aſſign. any ſufficient reaſon for 
the fact. Being unwilling to leave this difficulty 
unſolved, I repeated the experiment; and putting 
a vigorous mouſe into about ten ounce meaſures 
of this air, it continued ſome hours ſeemingly at its 
eaſe, . 
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eaſe, but died while the air was ſo pure, that, with 
two equal quantities of nitrous ae ters u 
the teſt were conſiderably leſs than 1.0. 

I then put another young mouſe into the re- 
mainder of the air, and it alſo continued at its eaſe | 
two or three hours; but then ſeemed to be expiring; 
its reſpiration being very languid, and ſo flow, that 
I ſeveral times concluded it was abſolutely dead. 
I did not at firſt ſuſpe& that it could be affected 
by cold, when other mice lived very well in a wire 
cage in the ſame room; for it had ſoon become 
quite dry after paſſing through the water, and had 
never ſhewn any ſign of uneaſineſs. But bringing 
it near the fire, when the heat was about eighty or 
ninety degrees (though I removed it occaſionally 
when it ſeemed to be uneaſy on that account) it 
lived ſeveral hours longer, and when it died the 
air was as completely phlogiſticated as common 
air is generally found to be when mice have died 
in it. 

This experiment fully fatisfied me, that it was 
nothing in the dephlogiſticated air itſelf that was 
the reaſon that mice could not live in it. I ob- 
ſerved before, that a mouſe is a tender animal, and 
after paſſing through water, requires a conſiderable 
SO AMET ranks 
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I eaſily conjectured that mflammaþle- air would 
explode with more violence, and à lauder report, 
by the help of dephlogiſticated than of common 
air; but the effect far exceeded my expectations, 
and it has never failed to ſuryrize every perſon be- 
fore whom I have made. the experiment, 

- Inflammable air requires about two thirds of 
common air to make it explode to the greateſt ad- 
vantage; and if a phial, containing about an ounce 
meaſure and a half, be uſed for the experiment, the 
exploſion with common air will be fo ſmall, as not 
to be heard farther than, perhaps, fifty or ſixty 
yards; but with little more than one third of highly 
dephlogiſticated air, and the reſt inflammable air, 
in the ſame phial, the report will be almoſt as loud 
a5 that of a ſmall piſtol ; being, to judge by the ear, 
not leſs than forty or fifty times as loud as with 
common air. 

The orifice of the phial in which this experiment 
is made, ſhould not much exceed a quarter of an 
inch, and the phial ſhould be a very ſtrong ane; 
otherwiſe it will certainly burſt with the exploſion. 
The repercuſſion is very conſiderable; and the heat 
produced by the exploſion very ſenſible to the hand 
that holds it. I have ſometimes amuſed myſelf 
with carrying in my packet, phials thus charged 
with a. mixture of dephlogiſticated and inflamma- 
ple confined either with common corks or 

ground 
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ground ſtoppers, and I have perceived no differ- 
ence in the- exploſion, ber e e- 
time, and carrying them to any diſtance. ä 

The dipping of a lighted candle into a jar fed 
with dephlogiſticated air is alone a very beautiful 
experiment. The ſtrength and vivacity of the flame 
is ſtriking, and the heat produced by the flame in 
theſe circumſtances is alſo remarkably great. But 
this experiment is more pleaſing, when the air is 
only little more than twice as good as common air; 
for when it is highly dephlogiſticated, the. candle 
burns with a crackling n mn. 1 
{ome coinbuſtible matter. 

It may be inferred, from. the very l 
bots mode in dephlogiſticated air, that, were it 
poſſible to fire gun- powder in it, leſs than a tenth 
part of the charge, in all caſes, would ſuffice; the 
force of an exploſion in this kind of air, far exceed · 
ing what might have been expected from the purity 
of it, as ſhewn in other kinds of trial. But I do 
not ſee how it. is poſſible to make this application 
of it. 1 ſhould not, however, think it difficult to 
confine gun-powder in bladders, with the inter- 
tices of the grains filled with this, inſtead of com- 
mon air; and ſuch bladders of gun-powder might, 
| , eee tern 
ü e ee „„ eee 910 
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Nothing, however, would be eaſier than to aug- 
ment the force of fire to a prodigious degree, by 
blowing it with dephlogiſticated air inſtead of com- 
mon air. This I have tried, in the preſence of iny 
friend Mr, Magellan, by filling a bladder with it, 
and puffing it, through a ſmall glaſs tube, upon a 
piece of lighted wood; but it would be very ealy 
e e e eee 
reſervoir. ' 

Poſſibly much greater things might be effected 
by chemiſts, in a variety of reſpects, with the pro- 
digious heat which this air may be the means of 
affording them. I had no ſooner mentioned the 
diſcovery of this kind of air to my friend Mr. 
Michell, than this uſe of it occurred to him. He 
obſerved that poſſibly platina might be melted by 
means of it. Theſe conjectures have been abun- 
dantly verified by the LEW Wa of Mr. agua 

From de eiter firingel and, vivacity of the 
nib en i fn this pure air, it may be con- 
jectured, that it might be peculiarly ſalutary to the 
lungs in certain morbid caſes, when the common 
air would not be ſufficient to carry off the phlogiſtic 
putrid effluvium faſt enough. But, perhaps, we 
may alſo infer from theſe experiments, that thougi 
pure dephlogiſticated ar might be very uſeful as A 
medicine, it might not be fo proper for us in the 

uſual 
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uſual healthy ſtate of the body; for; as a candle 
burns out much faſter in dephlogiſticated than in 
common air, ſo we might, as may be ſaid, iu jHỹ 
too faſt, and the animal powers be too ſoon ex- 
hauſted in this pure kind of air. A moraliſt, at 
leaſt, may ſay, that the air which nature has pee- 
vided for us is as good as we deſerve. 

Whether the air 'of the atmoſphere was, in re- 
mote times, or will be in future time, better or 
worſe than it is at preſent, is a curious ſpeculation; ' 
but I have no theory to enable me to throw any 
light upon it. Philoſophers, in future time, may 
eaſily dergrmine, by comparing their obſervations 
with mine, whether the air in general preſerves the 
very ſame degree of purity, or whether it becomes 
more or leſs fit for reſpiration in a courſe of time; 
and alſo, whether the changes to which it may be 
ſubject are eguable, or otherwiſe ; and by this means 
may acquire data, by which to judge both of the 
paſt and future ſtate of the atmoſphere, But no 
obſervations of this kind having been made in 
former times, all that any perſon could now ad- 
yance on this ſubject would be little more than 
random conjecture. If we might be allowed: to 
form any judgment from the length of hunthn life 
in different ages, which ſeems to be the only datum 
thats left us for eee, we n conclude 
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that, in general, the air of the atmoſphere has, for 
many ages, preſerved the ſame degree of purity. 
This datum, however, is by no means ſufficient for 


an accurate ſolution of the problem. 


STETIO NIL 


0 te fs be of fon derte dir. | 


Ire hom my fr erben onthe pro 
perties of dephlogiſticated air, that, in general, that 
when two equal meaſures of nitrous air are mixed 
with one meaſure of it, the whole is reduced to half 


a meaſure, and ſometimes, when I thought it pe- 


culiarly pure, to one fixth of a meaſure. I have 
fince, on one particular occaſion, produced this kind | 


of air in a ſtate of ſo much greater purity as appeared 
very extraordinary to myſelf, and 1 Gone not wa 


-be thought ſo by others. 


Having, for a purpoſe that has been — in 
the account of my obſervations on fixed air, ' kept a 
ſolution of mercury in ſpirit of nitre for ſeveral 
months, 
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months, in u phiel with  groundiſippet,. I put it 
into a retort with a long neck, and, in a ſand heat; 
received in the firſt place, the nitrous air it yielded; 
and then without removing tha ratart from the fire, 
che dephlogiſticated air. Uſing both the nitrous and 
dephlogiſticated air of the ſame produet, I gbſerved 
that two meaſures of the former and one of the lat» 
ter mixed together, occupied, after the efferveſcence 
whe deen, amy 
parts of a meaſure. _ 

I; map iopoitiy tor mp 19 he Wies wich 5e, 
ſpecd to this remarkable fact; for the tube in which 
I meaſured the reſiduum was ſo long; in proportion 
to the capacity of the phial which I uſed as 4 mes. 
ſure, that 2 hundredth part of a meaſure. exceeded 
the eighth of an inch. Repeating the experiment, 
I found that two meaſures of nitrous air were rather 
more than ſufficient to ſaturate one meaſure of the 


dephlogiſticated air ; ſo that, poſſibly, had the for- 
mer experiment been made with more circumſpec- 
tion, the diminution, extraordinary as it was, would 
have been ſomewhat greater. Indeed it cannotbe ſup- 
poſed, that exaly two meaſures of nitrous air ſhould 
be the preciſe quantity that would produce the 
greateſt diminution. It ſhould alſo be conſidered, 
that a ſmall portion of air might be yielded by the 
water in which the experiment was made. 


Upon 
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' Upon the whole, therefore, I am inclined to think 
that, were it poſſible to make both the nitrous and 
dephlogiſticated air in the greateſt purity, and then 
to mix them in ſome exact proportion, the aerial 
form of them both would be entirely deſtroyed, the 
whole quantity ſeeming to diſappear, as in the mix- 
ture of alkaline and acid air. But whereas a white 
faline ſubſtance is the immediate viſible reſult of this 
mixture, there is no viſible produce from the other, 
the whole, whatever it be, being diſſolved in the 
water; ſo that, this would probably be the more 
ſtriking phenomenon of the two; and the mixture 
of acid and alkaline air never fails to excite a good 
deal of aſtoniſhment, eſpecially when they are pre- 
viouſly made, and contained in ſeparate veſſels, 
and then ſuddenly mixed together, by transferring 


chem from one veſſel to another 1 in a trough of quick- 
pes | | 


s Be- 
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of procuring Aenne Air in 0 tre Neue, 
nnn from A. 


PMAGINING that the n of Atte. 
cated air might prove a very uſeful one, if a 
eee, very cheap, as it would 
be eaſy enough to contrive methods, by which it 
might be breathed, provided it ſhould- be thought 
adviſeable, in certain morbid ſtates of the lungs and 
animal ſyſtem ; I have had various ſchemes for pro- 
_ ducing it in large quantities, by cheap proceſſes ; 
but none that I have tried have as yet anſwered. © I 
do not, however, deſpair ; and ſome perſon of a 
happier invention, giving that attention to the ſub- 
je& which is e to deſerve, may be more 101 
tunate. 

The cheapeſt method af debe güte 
ever in liage qinatichs aller ü 
with, is to extract it from nitre by means of heat; 


and in general no more has been got from an ounce 


of nitre than about 100 ounce meaſures of air. The 
reaſon of which has been, that, in order to get it 
pure, glaſs veſſels have been uſed ; and aſter a part 


of 
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of the acid has been expelled, the remaining alkali 
has diſſolved the glaſs, and the proceſs has of courſe. 
terminated. But by means of Mr. Wedgwood's ex- 
cellent earthen fetorts, I have been able to get ſuch 
quantities of this air from nitre, as to myſelf, and 
all my friends, appeared very extraordinary. 

From two ounces of nitre, in an earthen retort, and 
with an intenſe white heat, raiſed by ſuch a furnate 
as Dr. Black has conſtructed, I got at firſt five hun- 
dred ounce meaſures of air, the whole conſiderably 
dephlogiſticated, and with very little fixed air. 
With the firſt produce the meaſures of the teſt were 
0.7 3 but the laſt part of the produce came ſlowly, 
and the meaſures were 1.3, which ſhews that the 
air was conſiderably injured by ſonhething in the re- 

tort, For the air procured by this proceſs in glaſs 
— ag the meaſures of the teſt being gene- 
rally lefs than 0.5, 

ets chromo raradaiogrines 
blue ſubſtance, extremely acrid to the taſte, and deli- 
queſcent, weighing, when it was taken out of the 
retort, about eighteen pennyweights. The air 
would have weighed about thirteen pennyweights, 
and the water of cryſtallization, which is cighteen 
parts in 110 of the water, fix pennyweights and a 
half, ſo that three pennyweights remain to be ac- 
counted for of the two ounces. This laſt was, in 

part, an acid vapour diffuſed through the air, and 

'S 


not 
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not incorporated with it; for whenever I emptied 
any of the veſſels of this air, I pererived a very pun- 
gent ſmell. Part of the loſs alſo was the white cloud 
with which the air was often filled when it was pro- 
duced. Dir Ta 

From the fame quantity of purified nitre, in one 
of Mr. Wedgwood's retorts, I got 787 ounce meu · 
ſures. The air procured in this manner is never of 
the pureſt kind ; and the ſtandard of this, from the 
firſt to the laſt, with two equal meafures of nitrous 
air, was only 1.25. I conducted this proceſs fo 
that the air was very little turbid, and yet there 
was ſomething acid diſcovered by the ſmell in every 
Portion of it. In another proceſs I gat 796 ounce 
meaſures of air, and the retort was diflolved before 
tity that I ever got from two ounces of nitre was: 
$32 ounce meaſures, and this was purer than any 
I had got before in this way, the ſtandard of the 
greateſt part of it being 0.95, though at the-very: 
laſt 1. 5. In all caſes | have obſerved, that the pure 
the air is, the greater is the quantity. For it cam 
only be rendered impure by ſome phlogiſtic matter 


many caſes, as J am inclined to thünkk, phlogiſticated | 


air. In this experiment the loſs in the nitre was 39 
grains. The air would have weighed ſomething 
more than 487 grains, ſo that more than one half 

II | of 
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of the weight of the nitre was reduced to the form 
of air; and there remained thirty four grains for the 
water of cryſtallization, &c. 

In theſe experiments it was a matter of ſome con- 
en to determine whether any acid remained in 
the nitre aſter all the air was come over; and as the 
vitriolic acid has a ſtronger affinity with the baſe of 
the nitre, there appeared to be no better method of 
determining this, than to put oil of vitriol to it, and 
endeavour to make nitrous acid. Accordingly, in 
the former proceſſes, 1 had always been able to get 
nitrous acid, or . nitrous air, from what remained of 
the nitre, after the dephlogiſticated air was expelled 
from it. Thus from half. an ounce of the ſaline 
reſiduum which remained from one of the preceding 
proceſſes, I got nine ounce meaſures of nitrous 
ai. 0 411 
To theſe circumſtances I gave particular atten- 
Bon in my future experiments. To that which re- 

mained of the laſt mentioned experiment, in which 
I procured 812 meaſures of air from two ounces of 
nitre, I put oil of vitriol and water. But though it 
was expoſed to heat till the water was diſtilled over, 
I did not get half an ounce meafure of air more than 
the veſſel contained; and this was dephlogiſticated. 
Conſequently, rag nm eee 
from this nitre. 


The. 
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The colour of the alkaline matter to which the ni- 
tre was reduced in theſe earthen retorts, was a deep 
green, owing, perhaps, nee the earth in 
the retort; for in a veſſel, I, at one time, 
had it perfectly white. i | 

At Mr. Watt's my I endecrameed to acer 
tain the quantity of acid that was expelled from ni- 
tre, in procuring the dephlogiſticated air from it. 
To do this, I put two ounces of purified nitre into 
4 glaſs retort, and receiving the air in 300 ouncꝶ 
meafures of water, only filled each recipient half 
full, and agitated the air very much in the water, 
in order to make the water imbibe as much as poſ- 
ible of the acid that it contained. However) not- 
withſtanding this agitation, every veel of an air re- 
tained a ſtrong ſmell of the acid. gang 
I aſterwards examined Sar EI HIER by 
expelling air from it, and did not find it to contain 
more air than water generally does, but what I did 
ah from | it wail av POS: + til 
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A $rcriow I 


Of 4 White Matter * in 4 braune, * 
| e 1 


15 hs bel gende ds d. bb of air PLAY | 
1 earthy materials, I have frequently obſerved 
chat there is a quantity of ſuperfluous 1vhite matter 
depoſited in the cold water in which it is received. 
This earth ſeems to have been held in ſolution: in the 
air while it was hot, becauſe it was then quite tranſ-. 
parent, and did not become turbid till it was cool ;- 
and this was ont reaſon why I once thought that an 
earth is the proper baſis of all ſuch kinds of air. 
For if ſome earth be certainly held in a proper ſolu- 
tion, ſo as to make a conſtituent part of the air 
while hot, as its tranſparency ſeems to prove, and 
it be only depoſited by cold, ſome of the earth muſt, 
I thought, be retained by it in every degree of heat, 


and therefore in the temperature of the atmoſphere. 
And perhaps no degree of cold can deprive it of all 
the earth that it contains. If it ſhould, I ſhould 
have imagined that, as nothi 2g but the acid principle 
would remain, it would then, like any other acid 

| 4 


air, 
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air, become lable'to- be immediately abſorbed 2 
water. 6 
This earthy ee incorporited Ache air, 

1 imagined to be then the ſame thing, from whatever 
ſubſtance the air had been produced, being di- 
veſted of every thing that was peculiar to the ſubſtance 
from which it had been expelled; juſt as the acidiſying 
principle, in the compoſition of dephlogiſticated air, is 
probably the ſame thing, whether the air had been 
produced from materials containing ſpirit of nitre, 
or oil of vitriol. If this reaſoning be true, we ſhould; 
I thought, be in poſſeſſion of a method of obtaining 
2 truly primitive earth,” or an earthy principle com- 
mon to all earths, and all metallic calces whatſo- 
ever, ſince dephlogiſticated air may, as I had ſhewn, 
de produced from them all. The following obſer- 
vations, however, may perhaps lead to a contrary 
concluſion, or, that earth depoſited from dephlo- 
giſticated air produced from different materials, has | 

not, in all reſpects, the ſame properties. '' 
Having collected ſome of the white powder dif 
fuſed through a quantity of dephlogiſticated air, 
procured from minium and fpirit of nitre, I obſery- 

ed that when it was dry, it was of a grey colour, 
and that it was not, at leaſt immediately, affected 
by ſpirit of ſalt, When it was heated in a glaſs 
tube, by means of the flame of a candle and a blow- 
Pipe, it fumed copiouſly, and covered the inſide of 
N the 
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the tube with a white ſubſtance; that which was 
not ſublimed becoming black. When it was laid 
upon à red hot iron, it ſmoked very much, and 
became of a brown colour. But in none of its forrns 
was it quickly affected by ſpirit of ſalt, though after 
twelve hours this acid did acquire an orange colour, 
both from the black and the brown matter.. 
At the ſame time I had by me a quantity of 

white matter which, as I believe, had been collected 
in a ſimilar manner, when I procured dephlogiſti- 
cated air from red precipitate ; but having loſt the 
label, L could not be abſolutely certain. This mat- 
ter was perfectly white when dry, and bore a red 
heat without ee e nor was it 1 
by ſpirit of ſalt. n 

-1:1-once collected 4 bike of this fubſtarice, and 
found: that it continued in the form of a white pow- 
det. It made no efferveſcence with ſpirit of nitre, 
but ſeemed to ve in part; 3 _— diſ- 
* trove; 5mm 
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1 Sen of dephlogiſtioued, a air — 
great light on many very important facts in 
chemiſtry, but upon none more than upon that 
very difficult and ſtriking one, of the detanatian of ni- 
tre, concerning which the moſt i improbable con- 
jectures had been advanced by the moſt eminent 
philoſophers and chemiſts. This detonation is the 
ſudden inflammation produced by the contact of va- 
rious ſubſtances containing phlogiſton and nitre, 
when either of them is red hot. The hypotheſis 
95 en * the moſt, eee is that of 
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Mr. Macquer, who ſuppoſes that, in theſe circum- 
ſtances, an union is formed between the pure nitrous 
acid and phlogiſton, ſimilar to that which is formed 
between the vitriolic acid and phlogiſton in the com- 
poſition of ſulphur. He therefore ſuppoſes that, in 
this caſe, 4 nitrous ſulphur is formed, and that this 
ſubſtance is of ſo inflammable a nature, that it cannot 
exiſt a moment without actual ignition. | 

But I would obſerve that, ſuppoſing this hypo- 
thetical nitrous ſulphur to be actually formed, yet if 
it reſemble other combuſtible ſubſtances, the vitri- 
| olie ſulphur for inſtance, or any other whatever, in 
a property that is common to them all without ex- 
ception, it cannot be inflamed but in contact with 
air ; which, according to concluſions clearly drawn 
from my experiments, and all other obſervations, is 
faturated with phlogiſton by the proceſs, and when 
faturated can take no more, let the ſubſtance that is 
heated in it be ever ſo combuſtible ; and conſequent- 
| by, in thoſe circumſtances, all inflammation muſt 
be impoſſible, Whereas Mr, Macquer acknow- 
ledges, that this nitrous ſulphur is capable of the 
moſt violent inflammation in the cloſeſt veſſels, 
where there is no acceſs of air, and it is well known 
that compoſitions of gunpowder are made to burn 
even under water. 

Now the doctrine of dephlogiſticated air ſupplies 
the eaſieſt ſolution 1 of this very difficult 

phenomenon. 
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phenomenon. For it appears that the nitrous 
acid cannot be heated to a certain degree, 
help of which all combuſtible ſubſtances burn 
with the greateſt violence, much more than 
they can be made to burn with in common air. 
Here then, I fuppoſe that the moment the acid 
of nitre, contained in the nitre, and the earth 
of the coal, for example, thrown into it be- 
come red hot, in contact with each other, dephlo- 
giſticated air is produced ; 
mainder of the Charcoal, being likewiſe red hot, 
burns with the violence that is obſervable in the 
experiment; while, at che ſame time, other por- 
tions of the nitrous acid are forming more deplilo- 
giſticated air; and thus the detonation continues, 
till all the charcoal, or all the nitre, is conſumed; 
the acid not being of, as ſome chemilts expreſs 
it, but entering into the compoſition either of the 
dephlogiſticated air, or of ſome other King 4's 
that may be generated in the proceſs.” | 
| Ler tiny perfor bor men obs Gr n er 
the detonation of charcoal in nitre, and that of the 
dipping a piece of hot charcoal into à jar of de- 
phlogiſticated air, and I think it will be impoſſible 
for him not to conclude that the appearances are 
the very ſame, and muſt have che ſame cauſe. 
N 4 There 


and in this air the re- 
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of gunpowder, and the air was greatly n 
28 wann have been foreſeen. 
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There is the fame intenſe incandeſcence, and the 
ſame rapid conſumption of the charcoal in both 
caſes; and this is evidently owing to che eagerneſs, ä 


as I may ſay, with which this ſpecies of air, the 


moſt free from phlogiſton itſelf, ſeizes upon the 


phlogiſton of other bodies, in a ſufficient degree of 
heat. Such appearances cannot be produced in 
common air, which, being more than half ſaturated 
with phlogiſton already, can take but little more; 
and therefore, to produce an appearance any thing 
reſembling them, we are obliged to ſupply the fire 
with a current of freſh air thrown into it by bel- 
lows. But ſupplying a fire in the ſame manner | 
with a current of dephlogiſticated air, which I have 
ſometimes done, has a, moſt n effect of 
the ſame kinn. 

1 ſhall. conclude this article. oncoming Ft 
tion, with an account. of a very ſtriking experiment, 
that I made with Homberg's pyrophorus. I put 
a quantity of it into one of the ſmall jars which 
uſe for experiments on air in quickſilyer ; then, 
filling up the veſſel, with quickſilver, I inverted it 


in a baſon of the ſame, and threw up dephlogiſti- 


cated, air at different times. It always occaſioned 
a ſudden and vehement accenſion, like the flaſhing 
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2. 0 tbe Formation of TIO 2 


Precipitate per ſe is much more eaſily procured 
in dephlogiſticated than in common air, and pro- 
bably not at all in phlogiſticated air; this air not 
cury, without which the calx cannot be formed. 

I expoſed equal quantities of the ſame quick- 
filver, in equal glaſs tubes, of about two feet and a 
half long, and an inch and a half in diameter, but 
narrower towards the top, to a ſand heat, for one 
day, one of the tubes containing phlogiſticated, and 
the other dephlogiſticated air, both hermetically 
ſealed. - In the reſult, the mercury in the tube con- 
taining the dephlogifticated air was completely co- 
vered with a coating of precipitate per ſe ; but the 
mercury in the other tube was not ſenſibly altered. 
When the proceſs had been reſumed, and con- 
tinued four days, I opened the tubes, and found 
the dephlogiſticated air ſomething worſe. than it 
had been, but by no means ſo much fo as I had 
expected; but the phlogiſticated air was not at all 

altered. The quantity of Fin in the We 

giſticated air was trifling. 

I then repeated the ſame experiments with com- 
mon air, but in two days no precipitate was form- 
ed, With more time there probably would have - 


5 been 
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been ſome. But this was ſufficient for my purpoſe, 
viz. to aſcertain the difference that would be pro- 
duced by different kinds of air in this proceſs, ac- 
cording to the quantity of UF e which they 
contained. 

Perhaps the precipitate per ſe may, by this means, 
be made in much leſs time, and with much leſs 
expence, than 1 it now „ 


5 Of the nur of Metals in Ai. 


It is s generally thought, I believe, that metals 
expoſed to the open air are corroded, and contract 
ruſt, by means of ſome acid vapour contained in it. 
I thought it poſſible, however, that very pure air 
might have ſuch an affinity with phlogiſton, as to 
deprive ſome metals of it, without the aid of any 
acid. To try this, I filled an eight ounce phial 
with very dry clean nails, and then with quick- 
ver, which 1 diſplaced by very pure and dry de- 

air, and left it inverted in a baſon of 

quickſilver on the 13th of April, 1778. On 
the 26th of January, 1779, I found that one tenth 
of the whole quantity of air was gone, the quick- 
filver having riſen ſo high in the phial. I there- 
fore took it for granted, though I could not per- 
ceive any ruſt on the nails, that my conjecture was 
well founded ; that the air has been diminiſhed by 
means 
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means of phlogiſton from the iron, and that in time, 
if the quantity ſhould be ſufficient, the ruſt will be 
apparent. This air being examined on the 20th 
of July, 1780, was found not to be diminiſhed 
any farther, It was alſo a little worſe than it had 


been when it ee ee and the nails 
mere very clean and without ruſt. S289 


4. Of = Formation of Nite. 


Before the diſcovery of dephlogiticared air i 
was generally ſuppoſed by chemiſts, that nitrous acid, 
by which common nitre is formed, exiſts in the at- 
moſphere as an extranzous ſubſtance, like water, and 
a variety of other ſubſtances, which float in it, in 
the form of effluvia; but ſince there is no place 
| in which nitre may not be made, it may, with more 
probability be ſuppoſed, that nitre is formed bya 
real decompoſition of the air itſelf, the baſes that are 
preſented to it having, in ſuch circumſtances, a hear 
affinity with pure air, which is the principal ingre- 
Gent in it. 
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OBSERVATIONS ON PHLOGISTICATED AIR“. 


PI Re T4, 


PROCESSES BY WHICH GOOD AIR 1$ NOT INJURED, 
. AND woxlous AIR vor RESTORED. | 


O. of the firſt objects of my experiments on 
ofpberical air, after ſome relating to fixed 
air, was the r- e in its pro- 


perties by a variety of proceſſes, which, becauſe I 
firſt concluded that the principal agent was phlo- 


It will be ww. tne ate or te tote of air, 
which is the ſubject of this book, phlogificated, was my ſuppoſition 
of its being atmoſpherical air, affected by phlogiſton. But whe- 
ther this be the caſe, or the air of the atmoſphere conſiſt of two 
diſtin parts, and ſubſtances containing phlogiſton, attract one of 
theſe, viz. the dephlagiſticated, and leave the other, this other part 
may ſtill be called phlogifticated air, ſo that no miſtake will be oc · 
n by the uſe of the term. 

giſton, 
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giſton, I termed phlogific. - But before I relate any 
of them, it may not be amiſs to recite the circum- 
ſtances in which air is not changed, notwithſtanding 
it either had been apprehended, or might — 
rer gw eee N ar ai law e 
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JF ad ben at e e 
that air is injured by beat, and reſtored by'cold, 
eſpecially by froſt. But though I made the expe- 
riments with all the attention of which I was capa- 
bay Eq: eee 
n mk AR 134.1 g Ur BN"! 
wo eee boch by-myſelf-andiochets; 
that/air exccedingby offenſive to the noſtrils, is not 
| us properly phlogiſticated, ſo as to bediſtinguiſh-" 
ed by the teſt of nitrous air. For though it may be 
que that phlogiſton in the thing that contmuns 
ſmell, 


Hell, or at leaſt that it is in ſome manner eſſential 
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to. it, that phlogiſton which ſenſibly affects the ol- 
factory nerves, may be attached to fomething that 
is only diſaſad through the air, and not property in- 
corporated with it. For when this air, ſo exceeding- 
ly offenſive to the noſtrils, is made to paſs through 
a body of water, this phlogiſton is entirely ſeparated 
from it, and leaves the air through which it was dif- 
fuſed, and which it had ſeemed to contaminate, 
quite pure and inoffenſive. 

In order to make full proof of the truth of this 


| obſervation, and alſo with the farther view of trying 


whether the quantity of phlogiſton contained in an 
animal ſubſtance might be ſo far exhauſted by pu- 
trefying in quickſilver, as to be unable to phlogiſ- 
ticate common air, I confined a large piece of the 
tendon of a neck of veal, and likewiſe a whole mouſe, 
in ſeparate veſſels of quickſilver, ſame time in 
tember, 1779; and when they had yielded all 


air that I could perceive they would yield, and "of 


which an account has already been given, I took 
what remained of them both in the April ſollow- 
ing, and putting them into a jar of common air, 
this air after two days, and did not find it ſenſibly 
injured, though the ſubſtances were very offenſive 
ro the noſtrils. After keeping them, however, in 
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the ſame jar about two months longer, I found the 
air to be phlogiſticated. 

Notwithſtanding this, I make no doubt but that 
in /ength of time theſe ſubſtances would have loſt all 
their power of phlogiſticating air. But whether 
this property, or that of yielding an offenſive ſmell, 
would have gone firſt, I had no opportunity of ob- 
- ſerving, in conſequence of removing my habitation, 
by which I was obliged to put an end to the pro- 
ceſs. It appears, however, ſufficiently, . that very 
much of the power of theſe putrefying ſubſtances 
to phlogiſticate air Was gone before they ceaſed to 
be offenſive, though it is probable they were not 
e en . 
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SECTION 1. 


of the Air that has been ſuppoſed to come 3 th 
Pores of the Skin, and of the * 1 the Per- 


. of the | Body. 


I cannot be thought extraordinary, that when 
it has been imagined that air is extracted from 
the moſt compact bodies, as gold, by means of the 
air pump, it ſhould be thought to iſſue from the 
human ſkin. It was alſo very natural to imagine, 
that ſince reſpiration injures and phlogiſticates air, 
the perſpiration of the body, ſenſible and inſenſible, 
ſhould do the fame; and they who ſuppoſe that 
phlogiſton converts common air into fixed air, 
muſt of courſe imagine, that the air contiguous to 
the ſkin is continually undergoing this change. Dr. 
Ingenhovſz aſſerts the former, and Mr. Crutkſhank, 
after Sig, Moſcati, the latter. On both theſe ſub- 
jets I ſhall make ſome animadverſions, and like- 
wiſe a few experiments which I think will be deemed 
concluſive, on the ſubje& of perſpiration,” and ſuf- 
ficient to confirm what I have advanced with re- 

ſpect to it. 
Dr. Ingenhouſz not only ſuppoſes that air is con- 
tinually * from the human ſkin; but he took 
pains 
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pains to Collect it, in a conſiderable variety of cir- 
eumſtances, of which he has given a particular ac- 
court; This I took the liberty to tell him I had 
no. doubt was a deception ; the air that he found 
not having come from the ſtin but froni the water 
in which it ws plunged; and. oth the quality of 
the air that he found, and the circumſtances in * 
which he procured it, left me no doubt upon the 
ſubject. It was juſt. that mixture of fixed air and 
partially phlagiſticated air, that pump water, which 
he recommends for the purpoſe, generally abounds 
with, The bubbles of air riſing and ſwelling at 
the ſame part of the ſkin is by no means any proof * 
that the air came from the ſkin; for that is away 
the caſe with air iſſuing from water, the air bub» 
bles never riſing within the water itſelf, but always 
from ſame other body immerſed in it. All the 
phenomena he has deſcribed may be ſeen wih a 
piece of metal, or glaſs, plunged in water contain- 
is eaſily ſhown, that the air does not come from 
the pores of the metal, or of the-glaſs, but from 
the water itſelf, For if the water contain no air, 
and the ſurfaces of the metal and of the glaſi be 
— _"_ en eee 


. ae 1 
per for this experiment, becauſe it readily abſorbs | 


Vo II. : O all 


* 
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all the air as faſt as it iſſues from the ſkin. But 
if the experiment be made in water at all, this 

muſt be the only unexceptionable manner of making 
it; and water by no means abſorbs any kind of air 
ſo faſt as he deſcribes this to iſſue from the ſkin, 
and eſpecially ſuch a kind of air as he deſcribes, 
a great proportion of which is air partially phlogiſti- 

cated, It requires- a long time before water, in a 
_ quieſcent ſtate, will take up any ſenſible quantity 
of ſuch air as this. Beſides, there is nothing that 
we know of the human frame, that would lead any 
perſon to ſuſpect that air ever iſſues from the ſkin. 
Where are the air veſſels for that purpoſe? and 
what is their origin, or connexion with other parts 
of the ſyſtem? The preſent ſtate AREA! 
A nothing on this ſubject. _ 

To ſatisfy my friend, not myſelf, I told him I 
would make an experiment; which I. did not doubt 
-would convince him of his miſtake in this reſpect; 
I did it in the following manner. I boiled a quan- 
tity of rain water, in order to expel from it all the 
air it might contain, and then ſat with my naked 
arm plunged in a veſſel filled with it, after care- 
-fully wiping off, under water, all the bubbles of 
air that adhered to it. But though I continued to 
| fit in this manner a full half hour, not a ſingle 

— tn 


Aſter 
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After this I- need not ſay any thing to my 
friend's s ingenious obſervations on the air which he 
took the pains to collect from the ſkins. of old and 
young. perſons, and his laudable endeavours to re- 
move a popular prejudice concerning the unwhole- 
ſomeneſs of the — and the eee of 
the latter kind of air. | 
Mr. Cruikſhank' s experiments, if they 1 be 
depended upon, would both prove; that fixed air 
is compoſed of common air and phlogiſton, and 
that the perſpiration of animal bodies, in a healthy 
ſtate, has the ſame effect upon air that breathing 
it has, viz. phlogiſticating it, and making it noxious, 
which is contrary | to the experiments of which 
I ſhall preſently give an account; by which it 
appears that the air under my arm-pits, and near 
other parts of my body; was never leſs pure than 
the external air. The Abbe Fontana alſo told me, 
that he had always found the ſame reſult in experi- 
ments made upon himſelf. But Mr. Cruikſhank 
ſays (in the ſecond edition of his Letter to Mr. 
Clare, printed in Mr. Clare's Treatiſe on Abſceſſes) 
that, aſter he had confined his leg in a glaſs veſſel, 
ſo as to prevent all communication with the ex- 
ternal air, lime water poured into it immediately 
afterwards, came out a little turbid. But this he 
would probably have found to be the caſe with a 

| O2 ſmall 
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ſmall quantity of lime water, poured into, and out 
of, any veſſel of the ſame ſize, on account of the 
great ſurface of the fluid that muſt, in thoſe cir- 
cumſtances, have been expoſedd to the common 
atmoſphere; in conſequence ech it ps 
known to attract fixed air, 

However, partly to examine ' this matter more 
thoroughly, and with a vatiation that I had thought 
of, J repeated the experiments on my own perſpira- 
tion in various ways, and they all confirmed what 
I advanced before, viz; that the perſpirable matter 
has no ſuch effe&t upon the air, but leaves it as 
wholeſome, that is, as fit for reſpiration, as ever, 
judging by the teſt of nitrous air, which, however, 
Mr. Cruikſhank does not py that he ever applied 
In this caſe; © 

* Purſving his ſteps; 1 fied x moiſt ori black 
der, containing about a quart of air, cloſe about 
my ancle, fo that my foot, clean waſhed and warm, 
as His Was, was expoſed to it; and I ſat near the 
fire, ſo as to keep my foot properly warm a full 
hour. After this I carefully withdrew my foot 
from the bladder, without changing the air; and 
applying the teſt of nitrous air, the air in the blad- 
der appeared to be of the ſame degree of purity 
with the external air; the meaſures of the teſt, ap- 
plied in the ſame manner to both, being 1.26. L 


”— 
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allo admitted part of this air to ime water, and 
! 3. III OE 

| — —— on Aae 
that the opportunity of this perſpiration phlogiſſi- 
cating the air might be the greater, I once more 
faſtened the bladder about my foot, juſt before I 
went to bed, and ſlept with it all night, keeping 
myſelf ſufficiently warm, from eleven to half paſt 
fix in the morning, when the bladder was quite 
dry. However, carefully moiſtening it, and eſpe- 
cially where it was faſtened to my ankle, I with- 
drew my foot, without changing the air, and im- 
mediately. examined 4t, The quantity contained in 
the bladder was forty ounce meaſures, It did not 
affect lime water, and with reſpect to purity was 
of the ſame ſtandard wich common air ; the mea- 
ſures of the teſt with the nitrous air I happened to 
make uſe of, being in both caſes . 3. | 

I cannot therefore but ſee reaſon. to conelude, 
as I did before, that it is only reſpiration, and not 
the Pee of the body that injures common 
air. 

1 have fat an hour wich my arm in a trough 
of very warm water, and my warm hand in a 
glaſs jar placed with its mouth in the water (my 
hand, of courſe, perſpiring, though inſenſibly, all 
that time) but when I examined the air within the 

03 jar 
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jar immediately aſterwards, it appeared not to ow 
been the leaſt injured by the proceſs. ee 

But what 1 expected to produce a muck x more 
ſenſible change in the air was the perſpiration un- 
der the arm-pits, after walking, or uſing much 
exerciſe, * For this purpoſe, I have ſometimes 
taken phials of warm water, and poured it out, 
when I had introduced my hand as carefully as 
poſſible into the place; but at other times I have 
put open phials, with perforations in the bottoms, 
and alſo open glaſs tubes, three or four inches long, 
the orifices of which were ſuch. as that I could eaſily 
cover them with my thumb or finger. This ap- 
pearing to be the faireſt method of all, I made 
the greateſt uſe of it. For the air within the open 
tube muſt certainly, in the courſe of an hour or 
two, become of the ſame quality with the air on 
the outſide of it. In theſe trials alſo, I have pre- 
ferred walking to any other kind of exerciſe, though 
I have tried ſeveral methods; becauſe, in walking, 
little or no motion is given to the air about the 
arm; and it is very eaſy to introduce one's hand, 
and, covering both the ends of the tube at the 
ſame time, to be quite ſure that the air within the 
tube is in that ſtate to -which the perſpiration of 
the body had reduced it. But ſtill, after walking 
a long time, and making myſelf purpoſely as hot 
as poſſible, [ have never found the air within the 


tubes 
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tubes in the leaſt degree worſe than the external 5 


air; but, as I have ſometimes thought, a little 
better. 

— of this kind that I made with 
the moſt care was in pretty hot weather, on the 4th 
of June, 1778. I put ſuch tubes as I have men- 
tioned above under each of my arms, and after 
firſt working with a ſpade, and then walking about 
three miles, in which exerciſes I purpoſely made 
myſelf exceedingly hot, I withdrew the tubes with 
as much care as a good deal of experience had 
taught me, and I found that one meaſure of this 
air and one of kitrous air occupied the ſpace of. 
1.267 meaſures ; when the ſame experiment being- 
made with the beſt external air on the ſame day, 
the meaſures were 1.28. Every circumſtance in 
the application of the reſt was, as near as I could 
make jt, the very lynn hk cu 
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SECTION m. 


vy Air which has been expoſed to Steam, and of that 
which is found in the hollow Paris of ſome 1 Plants, 


Jr early in the courſe of my obſervations 

concerning air, I found that the agitation of 
any kind of noxious air in water purified it to a 
certain degree, as alſo that the agitation of pure 
air in water depraved it ſo milch, as to bring it 
to about the ſame ſtandard, viz. that in which a 
candle juſt goes out. It might, therefore, be 
thought, that ſteam, or the vapour of water, inti- 
mately diffuſed through a quantity of noxious air, 
would much ſooner imbibe the phlogiſton with 
which it was charged ; and ſeveral perſons have 
even thought that the melioration of air by vegeta- 
tion may be owing to the exhalation of moiſture 
from plants in a vegetating ſtate. I was very 
willing to adopt that idea myſelf, in preference to 
my own, which was that plants imbibe the phlo- 
giſton with which the air is overcharged into their 
Julhtence, and convert it into their proper nouriſn- 
ment. But when I tried the effects of ſteam on 


phlogiſticated air, with as much attention as I could 
give 
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give to the experiments, I never found that it was 
at all mended by the proceſs. ON / 

J firſt took « quantity of air thathad nn 
giſticated by a mixture of iron filings and fulphur, 
and introducing into it the end of a glaſs. tube, 
communicating with a phial, which I ad filled 
with water, I kept it in a boiling heat, about a 
quarter of an hour, in which time the ſteam had ef- 
fectually peryaded the maſs of air, having made the 
jar in which it was contained thoroughly hot, and 
having expelled three fourths of it. But what re- 
e eee, eee 
nitrous air than ĩt had been before. , 

Aſterwards I ſeveral times filled jars with air 
phlogiſticated with nitrous air, and alſo by other 
means; and placing them, inverted, in pans of 
water, made the water boil a long time, till a great 
part of the air was expelled by the ſteam, but I 
never found the air ſo expoſed to ſteam to be at 
all mended by it. Common air was always ſen- 
ſibly injured by this proceſs, as might have been 
expected from my former experiments. 

I am willing to think, however, from the ob- 
ſervation of Mr. Arden, an intelligent lecturer in 
natural philoſophy, who firſt mentioned the obſer- 
vation to me, as his own, that ſteam, or the vapour 
of water, may unite with ſomething or other that 
makes air offenſive, and help to ſweeten it; or, at 

3 
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leaſt, that throwing a quantity of ſteam into a room 
in which the air is offenſive, may promote a change 
in the air, ſo as to be an eaſy and valuable remedy 
in ſuch caſes. He mentioned to me ſeveral experi- 
ments of his own, as well as the obſervations of 
other perſons, that make it very probable. 

Having examined the ſtate of the air confined in 
the bladders of fiſhes, I had the curioſity to examine 
that which was confined in certain hollow places in 
Plants, where it has no viſible acceſs to the external air. 
For this purpoſe I tried the air contained in the 
pods of the bladder ſena, and alſo in the ſtalks of 
onions, but did not find that in either of theſe caſes, 
it was at all ſenſibly different from the common 
air; being diminiſhed by nitrous air in the ſame pro- 


PART 
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PAN 


or PROCESSES BY WHICH AIR IS RENDERED 
' UNFIT FOR RESPIRATION OR COMBUSTION, ' 


—— ——— 


SECTION , 


O Air expoſed to a Mixture of Sulphur and Filings 55 
of Iron, to Liver of Sulphur and Pyrophorus, 


EADING in Dr. Hales's account of his ex- 
periments, that there was a great diminution 


of the quantity of air in which had been "expoſed, 
a mixture of powdered ſulphur and filings of iron, 
made into a paſte with water, I repeated the expe- 
riment, and found the diminution greater than I 
had expected. This diminution of air is made as 
effectually, and as expeditiouſly, in quickſilver as in 

vater; 
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water; and it may be meaſured with the greateſt 
accuracy, becauſe there is neither any previous ex- 
panſion, or increaſe, of the quantity of air, and be- 
cauſe it is ſome time before this proceſs be. 
gins to have any ſenſible effect. This dimi- 
nution of air is various; but I have generally 
found it to be between one fifth and one fourth of 
the whole, 

Air thus diminiſhed js not heavier, but rather 
lighter than common air. 

I conclude that the diminution of air by this pro- 
ceſs is of the ſame kind with the diminution of it in 
the other caſes, becauſe when this mixture 1s put 
into air which has been previouſly diminiſhed, either 
by the burning of candles, by reſpiration, or putre- 
faction, though it never fails to diminiſh it ſome- 
thing more, it is, however, no farther than this 
proceſs alone would have done it. If a freſh mix- 
ture be introduced into a quantity of air which had 
been reduced by a former mixture, it has little ba 
no farther effect. 

I ones obſerved, that when a e kind 
vas taken out of a quantity of air in which a candle 
had before burned out, and in which it had ſtood 
for ſeveral days, it was quite cold and black, as it 
always becomes in a confined place; but it preſentiy 

” | | very 
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very offenſively ; and when it was cold, ems brown, 
like the ruſt of iron. 

Air diminiſhed by this mincioGiran filings * 
ſulphur, is exceedingly noxious to animals, and I 
have not perceived that it grows any better by 
keeping in water. The ſmell of it is at firſt very 
pungent and offenſive, which muſt be owing to 4 

quantity of vitriolic acid air n in the or: 
ceſs. 

The quantity of this mixture which I made uſe of 
in the preceding experiments, was from two to four 
ounce meaſures ; but I did not perceive, but that 
the diminution of the quantity of air (which was ge- 
nerally about twenty ounce meaſures) was as great 
with the ſmalleſt, as with the largeſt, quantity. How 
ſmall a quantity is neceſſary to dimuniſh a given 

quantity of air to a maximum, I have made N 
riments to aſcertain. 

As ſoon as this mixture of iron filings with ſul- 
phur and water, begins to ferment, I alſo turns 
black, and begins to ſwell, and it continues to do 
ſo, till it occupies twice as much ſpace as it did at 
firſt, The force with which it expands is great; 
but ef apy it isT have not cnileayoured to 28 
termine. 

When this mixture is e in water, it 
— 2 no air, though it becomes dieſe; and 


Common 
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Common air, I find, is diminiſhed, and rendered 
. . noxious, by liver of ſulphur. The diminution in 
this caſe was one fifth of the whole, and afterwards, 
as in other ſimilar caſes, it made no efferveſcence 
with nitrous air. 

I found alſo, after Dr. Hales, thatair diminiſhed 


by ci NO 


gene ron. u. 
Of Air infefted with the Funes of burning Charcoal, 


A's. infected with the fumes of burning char- 
coal is well known to be noxious; and 
Mr. Cavendiſh favoured me with an account 
; 1 fame experiments of his, in which a quan- 
tity of common air was reduced from 180 f0 162 
ounce meaſures, by paſſing through a red-hot iron 
tube filled with the duſt of charcoal. This diminution 
he aſcribed to ſuch a de/trufion of common air as 
Dr. Hales imagined to be the conſequence of burn- 
| I ing. 
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ing. Mr. Cavendiſh alſo obſerved, that there had 
been a generation of fixed air in this proceſs, - but 
that it was abſorbed by ſoap leys. This experi- 
ment I alſo repeated, with a ſmall variation of cir- 

I alſo endeavoured to aſcertain in what manner 
air is affected with the fumes of charcoal, by ſuſ- 
pending bits of charcoal within glaſs. veſſels, filled 
to a certain height with water, and ſtanding inverted 
in another veſſel of water, while L threw the focus 
of a burning mirror, or lens, upon them. In this 
manner 1 diminiſhed a given quantity of air one 
fifth, which is nearly in 8 
other diminutions of air. 

- Tf, inſtead of pure water, I uſed Une adi in 
this proceſs, it never failed to become turbid by 
the precipitation of the lime, which could only be 
occaſioned by fixed air, either diſcharged from the 


charcoal, or formed by ſomething eſcaping from it, 
and ſomething in the common air. 


There was the ſame precipitation of lime, in Vs | 
proceſs, with whatever degree of heat the charcoal 
had been made. If, however, the charcoal had 
not been made with a very conſiderable degree” of 
heat, there never failed to be a permanent addition 
of inflammable air produced; which” agrees with 
what I had obſerved before, that; in converting 


dry 
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dry wood intocharcoal, the greateſt part is changed 
into inflammable air, | 
To make the preceding Speriment wich ul 
more accuracy, I repeated it in quickfilver ; when 
J perceived that there was a ſmall increaſe of the 
quantity of air, probably from a generation of in- 
flammable air, - Thus it ſtood without any altera - 
tion a whole night, and part of the following day: 
when lime water being admitted to it, it preſently 
became turbid, ; and, after ſome time, the whole 
quantity of air, which as about four ounce mea- 
ſures, was diminiſhed one fifth, as before. 
Air thus .diminiſhed' by the fumes of burning 
charcoal, not only extinguiſhes flame, but is in the 
higheſt degree noxious to animals; it makes no ef- 
ferveſcence with nitrous air, and is incapable 
of being diminiſhed any farther by the fumes of more 
charcoal, by a mixture of iron filings and ſulphur, 
or by any other cauſe of the diminution of air that 
I am acquainted with. 
This obſervation, which reſpects all other kinds 
of diminiſhed air, proves that Dr. Hales was miſ- 
taken in his notion of the abſonption of air in thoſe 
circumſtances in which he obſerved it. For he ſup+ 
poſed that the remainder was, in all caſes, of the 
ſame nature with that which had been abſorbed, and 


that the operation of the ſame cauſe would not have 
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failed to produce a farther diminution ; whereas all 
my. obſervations ſhew. that air, which has once been 
fully diminiſhed by any cauſe whatever, is not only 
incapable of any farther diminution, either from the 
ſame or from any other cauſe, but that it has like- 
wiſe acquired new properties, moſt remarkably dif- 
ferent from thoſe which it had before, and that they 
are, in a great meaſure, the ſame in all the caſes. 
Theſe circumſtances give reaſon to ſuſpect, that the 
cauſe e neee gv F 
n | | | 
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Win GREY FEST EE 


Md the Wes of the Calcination of Mal 


TAVING been led to fulpedt, from the experi- 
ments which I had made with charcoal, that 

the diminution of air in that caſe, and perhaps in 
other caſes: alſo, was, in ſome; way or other the 
conſequence of its having more than its uſual quan- 
tity of phlogiſton, it occurred to me, that the cal- 
Vor. II. > cination 


irs ess ions on Perf E 


cination of metals, which are generally ſuppoſed to 
conſiſt of nothing but a metallic earth united to phlo- 
giſton, r 
ol exprrimentum orutis in the caſe. 

Accordingly, I fuſpended pieces of lead and tin 
in given quantities of air, in the ſame manner as I 
had before treated the charcoal; and throwing the 
focus of a burning mirror or lens upon them, ſo as 
to make them fame coplouſly, I preſently perceived 
+ diminution of the air. In the firſt trial that 1 
made, I reduced four ounce meaſures of air to 
three, which is the greateſt diminution of common 
air- that I had ever obſerved before, and which I 
account for, by ſuppoſing that, in other caſes, there 
was not only a cauſe of diminution, but cauſes of ad- 
dition alſo, either of fixed or inflammable air, or 
ſome other permanently elaſtic matter, but that tha 
effect of the calcination of metals being ſimply the 
eſcape of phlogiſton, the cauſe of diminution was 
alone and uncontrouled, It appears, however, frong 
the experiments of Mr. Lavoiſier, that the dephlo- 
giſticated part of common air is imbibed in this 
proceſs, and from my own later experiments, that 
the phlogiſton of the metals uniting with another 
part of it makes fixed air. 5 

The air, which I had thus diminiſhed by calcina« 
tion of lead, I transferred into another clean phial, 
but found that the calcination of more lead in it , 


(or 
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{or at leaſt the attempt to make a farther calci- 
nation) had no farther effect ypon it. This air alſo, 
like that which had been infected with the fumes of 
charcoal, was in the higheſt degree noxious, made 
no efferyeſcence with nitrous air, and was no farther 
diminiſhed by the mixture. of iron Were and 

It might de ſuſpected that the: noxious quality 
of air in which lead was calcined, might be owing 
| to ſome fumes peculiar to that metal; but I found 
no ſenſible difference berween, the properties of chis 
air, and that in which tin was calcined., ' 

The water over which metala are calcined ddquires 
a yellowiſh tinge, and an exccedingly pungent ſmell - 
and taſte, pretty much (as near as I can recollect, 
for I did not compare them together) like that ovet 
which ſulphur has been frequently -burned. Alſo 
a thin and whitiſh pellicle covered both the ſurface 
of the water, and likewiſe the ſides of the phial in 
which the calcination was made; inſomuch that, 
without frequently agitating the water, it grew ſo 
opaque by this conſtantly accumulating incruſtation, 
that the ſun· beams could not be tranſmitted through 
it in a quantity ſufficient to produce the calcination. - 


Lime-water never became turbid by the calcina 
tion of metals over it, the cabx immediately ſeizing 
the fixed air that was formed, in preference to the 
lime in the water; but the colour, ſmell, and taſte 

„ of 
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of the water were always changed, and the ſurface 
of it became covered with a yellow pellicle, as before. 
When I was making the experiments on the ex- 
traction of inflammable air from iron, I found, 
that if the quantity of air was conſiderable, the 
throwing of the focus of the burning lens upon iron- 
filings incloſed in it, had no other effect than to di- 
miniſh the air, and make it noxious; which it did to 
as great a degree as the calcination of lead or tin had 
done: for after this it made no efferveſcence, and 
was no farther diminiſhed, by nitrous air. Aſter 
this, I make no doubt, but that if the proceſs had 
been continued a ſufficient time, there would have 
been an increaſe of the quantity of air, by the pro- 
duction of inflammable air; but the firſt effect of 
the diſcharge of phlogiſton from the ' iron was the 
phlogiſticating and/diminiſhing of the common air. 

- T even found that air would be injured by having 
iron confined in it for a conſiderable time. To try 
this, I filled a phial, containing common air, full -of 
nails, the 18th of December, 1773, and left it in- 
verted in a veſſel of water till the 2d of March, 1775; 
when 1 found that it was diminiſhed one-fifth of its 
bulk, and was not in the leaſt diminiſhed by a mix- 
—— = nitrous wg ſo that 1 it 115 have been = 
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3 a. in ; which Candle how burned.” Mo, 


WW non of the quantity of air in which 
a candle, or fulphur, has burned out, is va- 
rious ; but 1 imagine that, at a medium, it may be 
about one fifteenth, or one ſixteenth of the whole; 
which is one third as'much as by animal or vegetable 
ſubſtances putrefying in it, by the calcination of 

metals, or by any of the other cauſes of the com- 

plete diminution of air, which will be mentioned 
hereafter, 

I firſt thought, that fame diſpoſed . common 
air to depoſit the fixed air it contains; for if any 
lime water be expoſed to it, it immediately becomes 
turbid. This is the caſe, when wax candles, tallow | 
candles, chips of wood, ſpirit of wine, ether, and 
every other ſubſtance which J have yet tried, ex- 
cept ſulphur; is -burned in a cloſe; glaſs ' veſſel, 
ſtanding in lime-water, This precipitation of fixed 
air (if this be the caſe) may be owing to ſomething 
emitted from the burning bodies, which has a 
ſtronger affinity with the other ang a of 
the #1 hn 
bh. P 3 ; IF 


i 
N : 
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If ſulphur be burned in the ſame circumſtances, | 
the lime-water continues tranſparent, but ſtill there 


may have been the ſame precipitation, or formation 


of fixed air; but chat, uniting With the lime and the 
vitriolic. acid, it forms a ſelenetic ſalt, which is ſolu- 
ble in water. Having evaporated a quantity of wa- 
ter thus impregnated, by burniug ſulphur a great 
number of times over it, a whitiſh powder remained, 
which had an acid taſte ; but repeating the expert- 
ment with a quicker evaporation, the powder had no 
acidity, but was very much like chalk. The burn- 
ing of ſulphur but once over a quantity of lime wa- 
ter, will affect it in ſuch a manner, that breathing in- 
to it will not make it turbid, I Se it al. 


ways preſently does. 


Dr. Hales ſuppoſed, that by burning ſulphur r. re- 
peatedly i in the ſame quantity of air, the diminution 
would continue without e But this I have fre- 
quently tried, and not e i to be the caſe. Indeed, 
when the ignition has been imperfect in the firſt in- 
ſtance, a ſecond firing of the ſame ſubſtance will in- 
creaſe the effect of the firſt, &c. but chis progreſs 
foon ceaſes. 

In many caſes of the diminution of air, the effect 
is not immediately apparent, even when it ſtands in 
water; ſor ſometimes the bulk of air will not be 


much requced, till it has paſſed ſeveral times 


N a quantity of water, which has thereby a 
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better opportunity of abſorbing that part of the air, 
which had not been perfectly detached from the reſt, 
I have ſometimes found a very great reduction of 4 
maſs of air, in conſequence of paſſing but once 
through cold water. If the air has ſtood in quick- 
ſilver, the diminution is generally inconſiderable, till 
it has undergone this operation, there not being any 
ſubſtance expoſed to the air that could abſorb any 
Part 1 1 
I could not find any conſiderable alteration ry 
ſpecific gravity of the air, in which candles, or ſul- 
Phur, had burned out. I am ſatisfied, however, that 
it is not heavier than common air, which muſt have 
been manifeſt, if ſo great a diminution of the quantity 
had been owing, as Dr. Hales and others kran. a 
to the elaſticity of the whole maſs being im 

After making ſeyeral trials for. this purpoſe, I con- 
cluded that air, thus diminiſhed: 117 bulk, is rather 
Ughter than cqmmon ls 
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1 2 Animal Subſtances pads . 


HEN a mouſe putrefies in any given quantity 

of air, the bulk of it is generally increaſed for 
FY a few days; but in a few days more it begins to 
"ſhrink up, and in about eight or ten days, if the 
weather be pretty warm, it will he found to be di- 
miniſhed one ſixth, or one fifth of its bulk. If it do 
not appear to be diminiſhed after this time, it only 


requires to be paſſed through water, and the diminu- 
tion will not fail to be ſenſible. I have ſometimes 


known almoſt the whole diminution to take place, 
upon once or twice paſſing through the water. The 
ſame is the caſe with air, in which animals have 
breathed as long as they could. Alſo, air in which 


candles have burned out may almoſt always be far- 


ther reduced by this means. 
I have put mice into veſſels which had their 


mouths immerſed in quickſilver, and obſerved that 
the air was not much contracted after they were 


dead or cold; byt upon withdrawing the mice, and 
admitting lime-water to the air, it immediately be- 
came 
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came n and was contraſted in its nen 
uſual. l. 5 
1 vide ane A eie eee 
faction, putting a dea mouſe to a quantity of com- 
mon air, in a veſſel which had its mouth immerſed 
in quickſilver, and aſter a week I took the mouſe out, 
drawing it through the quickſilver, and obſerved 
that, for ſome time, there was an apparent increaſe of 
the air perhaps about one twentieth. After this; it 
ſtood two days on the quickſilxer, without any ſenſi- 
ble alteration; and then admitting water to it, it be- 
gan to be abſorbed, and continued ſo, till the original 
quantity was diminiſhed about one ſixth. If, inſtead 
of common water, I had made uſe of lime water i in 
this experiment, I make no doubt but it would 
have become turbid. 


e eee nee | 


under a glaſs veſſel ſtanding in water, it will not 
become turbid, and provided the acceſs of the com- 
mon air be prevented, it will continue lime water, 
J do not know how long; but if a mouſe be leſt 
to putrefy in che veſſel, the water will SAS 
its lime in a few days. 


The air that is diſcharged from putrefying/ f 


ſtances ſeems, in ſome caſes, to be chiefly fixed air, 


with the addition of ſome other effluvium, which 


as Ing coinmon air. The 
reſemblance 
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reſemblance berween the true putrid effluvium and 


I Et it ſtand about two months, in which time the 


dee e . 


fixed air in the following experiment (which was as 
decifive as I could poſſibly 'contrive it) appeared to 
be very great; indeed, much greater than 1 had 
expected. I put a dead mouſe into a tall glaſs 
veſſel, and having filled the remainder with quick- 
ſilver, and ſet it, inverted, in a pot of quickſilver, 


putrid effluvium iſſuing from the moufe had filled 
the whole veſſel, and part of the diſſolved blood, 
-which lodged upon the ſurface of the quickſilver, 
began to be thrown out. I then filled another 
-glaſs veſſel, of the ſame ſize and ſhape, with as 
pure fixed ait as 1 could make, and expoſed them 
hoth, at the ſame time, to a quantity of lime water. 
In both caſes the water grew turbid alike, it roſe 
equally faſt in both the-veſſels, and likewiſe equally 


high; fo that about the ſame quantity remained 


unabſorbed by the water. One of theſe kinds of 
air, however, was exceedingly ſweet and pleaſant, 
and the other inſufferably offenſive, In general, 


however, I found ſome portion of the air from pu- 


trefying animal ſubſtances to. be inflammable ; and 
and it was probably the ſame in this caſe. 2 


Putrid cabbage, green or boiled, inſects the air 
in the very ſame manner as putrid animal ſubſtances. 


_ | 
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fions, it equally extinguiſhes flame, and is equally 
noxious to animals; but they affect the air very 
differently,” if the . Sogo or applied 6 hems be 
conſiderable, 


SECTION M. 


Pte Bu ofthe Calo of erg on an 
; alſo of Mercuby; en dir. 


VEVERAL properties of metallic calces may be 
I diſcovered by their expoſure to the common 
air. I have made ſome obſervations which may 
be pleaſing and ſatisfactory with reſpect to thoſe of 
copper and iron. They prove that the blue colour 
acquired by the former, and the red colour acquired 
by the latter, are owing to the dephlogiſtication of 
them. For theſe colours cannot be aſſumed by 
them but in the open air, and the air to which 
they are expoſed is more find ac ormmare 
'this means. 

I diflolved copper in a ſolution of fal-ammoniac, 
by rad os a ground 


—_ 
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ſtopper. Aſter a day or two, when the ſolution 
was become thoroughly blue, I examined the air 
within the phial, and found it to be conſiderably 
worſe than it had been. For one meaſure. of it 
and one of nitrous air occupied the ſpace of 1.33 
meaſures; when the common air at the ſame time 
was diminiſhed by the nitrous air ſo much, that 
the ſame quantities occupied the ſpace of little 
more than 1.1 meaſure. At another time I co- 
vered a phial containing a quantity of this ſolution 
with a ſmall jar ſtanding in a trough of water, and 
found, aſter a few days, though not more than half 
the ſolution, beginning from the top, had turned 
blue, that the air to which it had been be was 
almoſt completely phlogiſticated. 
Pouring a diluted ſolution of pearl aſhes into a 
diluted ſolution of green vitrio! with a funnel, that 
the common air within the Phial might mix as 
. little as poſſible with the open air, the precipitate 
was at firſt of a light blue; but by expoſure to the 
air it became firſt of a deep indigo blue, and then 
| al a red, 4 
l Covering a TH of this blue precipitate con- 
; rained in a glaſs cup, with a glaſs jar ſtanding in 
water, I obſerved that, after two or three days, all 
the ſurface of the precipitate, though covered md 
water, was become red. When J ſtirred it up, all 
below the ſurface was as blue as ever. In this 
| ſtate 
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ſtate I examined the air, and ſound it ſenſibly 27 7 
giſticated, chough not to a great degree. l 
Having made another blue precipitate of iron, 
I poured it into a ſmall retort, and turning it 
every way, to give all the inſide a coating of it, I 
expoſed it to the heat. of the fire, till it was become 
partially red (for 1 dig} not perceive it would be- 
come wholly ſo) and, examining the air in the in- 
fide, I found: that one meaſure of it and one of 
nitrous air occupied the ſpace of 1.3 meaſures ; 
when the ſame quantities of common air and the 
ſame of nitrous air . the 2 1 of 12 
meaſures. 

Laſtly, to give the calx of iron more time to 
affect the air, I made the mixture in a phial which 
I left half full of air; and in a few days the ſurface 
of the water was covered with a red pellicle, and 
ſome time afterwards the ſurface alſo of the pre- 
cipitate at the bottom of the phial, which had been 
of a deep blue, was become red. After waiting 
three weeks, I examined the air, and found it ſo 
much phlogiſticated, that one meaſure of it and 
one of nitrous air Ar the you of 1.55 mea- 
ſures. 

Having alſo cine the infide of a glass * 
with the green precipitate, I let it ſtand near three 
weeks with its orifice immerſed in water, in which 
time it had become neatly red; and then'examin- 

ing 


Puri II. 
ing the air, I found no fixed air in it (which might 
have been ſuſpected to come from the pearl aſhes 
eſpecially; and thus to have injured the air, with- 
out any proper phlogiſtication) and one meaſure of 
it and one of nitrous air occupied the ſpace of 1.45 
meaſures. In this experiment, therefore, there was 
a proper phlogiſtication of the common air, without 
its receiving any thing from the alkaline ſalts. | 

It is not a little remarkable, that this change of 
colour will take place though the precipitate be 
covered with a large body of water. I have found 
it when it was covered to the depth of eleven inches, 
which is that of the trough in which I uſually make 
my experiments. It was at firſt all blue, the next 
day I found the furface completely red, when the 
bottom was as deep a blue as ever. This reſem- 
bles the property of ſerum in my experiments on 
blood. For as that liquor admits phlogiſton to paſs 
from the blood to the air, ſo water permits phlo- 
giſton to paſs from this precipitated calx to the air, 
and, as appears from later experiments, pertnits the 
calx to become ſaturated with dephlogiſticated air, 
Ihe reſult of theſe experiments will be different 
according to the degree of ſaturation in the ſolu- 
tion, and perhaps according to other circumſtances. 

At the ſame time that I got the deep blue pre- 
cipitate, with which I made ſeveral of the experi- 
ments above-mentioned, [ mixed a quantity-of the 
| ſaturated 
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fautated ſolutions, boch of the vitriol and of the 
pearl aſhes, in an open jar, and the whole became 
red at once, without my being able to perceive any 
previous blue colour at all. Sometimes the pre- 
cipitate will be white, or grey, eſpecially when the 
ſolution of the iron is poured into that of 'the 
alkali. In this caſe the firſt change is to a very light 
blue, then to a deeper blue, and laftly to a red. 

In the experiments above-mentioned the air be- 
came phlogiſticated in conſequence of the liquor 
to which it was expoſed acquiring colour; whereas 
in the following it was injured at the fame time 
that the liquor Jef its colour, I took a quantity of 
ſpirit of ſalt made yellow by various impregnations, 
and then made it colourleſs by liver of fulphur. 
Aſter this I- inverted the phial with common air 
in it, and let it ſtand about a week, obſerving that 
in two days it had recovered its original yellow 
colour; and the air appeared to be ſo much in- 
jured, that one meaſure of it and one of nitrous 
air occupied the ſpace of 1.9 meaſures. The phlo- 
giſton that produced this effect came probably from 
the liver of ſulphur. - 

I accidentally met with a much better method 
of making the experiment with the cabs, by means 
of lime water, than that mentioned above. 

The trough'in which I make my experiments. 
on air being at one time very foul, with various 

metallic 
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metallic ſolutions, eſpecially in conſequence of hav- 
ing diſſolved iron in ſpirit of nitre, for the pro- 
duction of nitrous air, and other purpoſes, and it 
not having been convenient to change the water, 
I continued: to uſe it in that ſtate ; when caſually 
pouring a little lime water into it, I obſerved that 
a precipitate: of a very deep blue colour was form- 
ed. It was ſo beautiful, that, having been obliged 
to leave my experiments, for the ſake of a ſmall 
excurſion to Bath, before I ſaw. any farther into it, 
I remember telling a friend whom 1 met there, 
that I thought it poſſible that I had accidentally 
diſcovered a new and cheap method of making 
Pruſſian blue. However my dream of a diſcovery 
vaniſhed on my return home, when J obſerved the 
bottom of my trough covered with a very lively 
red. But when I turned it up, I found the red 
was only ſuperficial, and that the precipitate mier 
neath was of as deep a blue as ever. 1 
I then repeated the experiment in ſmall Jars, 
nhtiths, &c. and was much better pleaſed with the 
reſult than when I had made uſe of a ſolution of 
alkali in order to make the precipitate. Here 
the lime is ſeized by the acid, as it was before by 
the alkali ; and in both caſes the calx of the iron 
is ſet at liberty, and depoſited in a phlogiſticated 
ſtate. But it readily parts with its phlogiſton if 
pure air be at hand, even though ſeparated from 


it 
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it by a body of water, of, I believe, any depth. 
Theſe experiments ſhew, that water, though capa- 
ble of receiving phlogiſton, , i is not capable of re- 
taining it in the preſence of air, ede 
have a much ſtronger affinity with it. wo Wifi 
It may not be improper to mention again in 
chis place, in ſpeaking of the effect of metals on air, 
that iron that has e r ee 
air diminiſhes common air very faſt. 
1 ublequene par; of dig wp 1 thall how 
that there is no air in quickſilver; as has gene- 
rally been imagined, and that all the air which 
is diſcovered in boiling it in a glaſs tube, is only 
that Which had been concealed, and compreſſed, 
ban the quickſilyer and the glaſs. Having 
for this purpoſe collected a mall quantity of chis 
air, I found it to be common air, . being dimi- 
niſhed by nitrous air, But the. quantity being 
| ſmall, and not having applied a very accurate mea- 


ſure, I afterwards repeated that experiment with 
more precaution, and find ſuch air to be in ſome 


degree phlogiſticated. 
I firſt filled a tall thin tube, about an inch in 


diameter, with quickſilver ; and, expoſing the up- 
per part of it to a degree of heat that converted it 


into vapour, in the manner repreſented Pl. III. 


fig. 4, and conſequently effectually ſetting at liberty 
all the air that was confined ann the quickſilver 


Vor. II. . and 
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and the glaſs, I collected and examined that ait, 
and found it not to be diminiſhed by nitrotiss fo 
much as common air is. 

I then repeated the experiment by throwing up 
a quantity of cointrion air, and expoſing it to heat 
mixed with the vapbur of quickſilver, and let it 
contitue in that ſtate four or five hours. Aſter 
this I perceived that the air was conſiderably ditni- 
niſhed in bulk; and, examining it, I found that 
one meaſure of it and one of nitrous air occupied 
the ſpace of 1.66 meaſures. The air, therefore, 
in the former experiment, not having been pure air, 
is no proof of its having been incorporated with 
the quickſilver; ſince common air mixed with it, 
in the ſtate of vapour, receives phlogiſton from it. 
This proves that mercury, like other metals, im- 
bibes pure air, and by this means Would in time 
. 2 


1 


4 
, 7 
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SECTION VII. 
Of the Efes of ou, Se. on Ar. 


PHE preceding experiments on the Glasses | 
of metals ſuggeſted to me a method of ex- 


plaining the cauſe. of the miſchief which is known 
to ariſe from freſh paint, ads" "ii" "IN 
and oil. 

Corel no hepedde Fp e n 
full of this kind of paint, and afterwards - (which 
anſwered much better, by expoſing a greater ſur- 
| face of the paint) I daubed ſeveral pieces of paper 
with .it, and put them under a receiver, and ob- 
| ſerved, that in about twenty four hours, the air was 
diminiſhed between one fifth and one fourth, for 
I did not meaſure it very exactly. This air alſo 
was, as 1 expedted to find, in the higheſt degree 
noxious. It did not efferveſce with nitrous air, it 
was no farther diminiſhed by a mixture of iron 
filings and ſulphur, and was made wholeſome by 
agitation in water deprived of all air. 

Air is diminiſhed by a cement made with one 
half common coarſe turpentine, and half bees-wax. 
Tau the reſult of a very caſual obſervation. 


Q 2 Having, 
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Having, in an air-pump of Mr. Smeaton's con- 
ſtruction, cloſed that end of the ſyphon-gage, which 
is expoſed to the outward air, with this cement 
(which I knew would make it perfectly air- tight) 
inſtead of ſealing it hermetically ; I obſerved that, 
in a courſe of time, the quickſilver in that leg kept 
continually riſing, ſo that the meaſures I marked 
upon it were of no uſe to me; and when I opened 
that end of the tube, and cloſed it again, the ſame 
conſequence always took place. At length, ſuſ- 
petting that this effect muſt have ariſen from the 
bit of cement diminiſhing the air to which it was 
expoſed, I covered all the inſide of a glaſs tube 
with it, and one end of it being quite cloſed with 
the cement, J ſet it perpendicular, with its open 
end immerſed in a baſon of quickſilver; and was 
preſently ſatisfied that my conjecture was well 
founded; for, in a few days, the quickſivver roſe 
ſo much within the tube, that the air in the me 
appeared to. be diminiſhed about. one ſixth. N 
To change this air. 1 filled the tube with avis 
Giver; and pouring it out again, I replaced the tube 
in its former ſituation; when the air was diminiſhed 
again, but not ſo. faſt as before. The fame lining 
of cement diminiſhed. the air a third time. How 
lang it will retain this power I cannot tell. This 
cement had been made ſeveral months before I 
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made this experiment with it. I muſt obſerve, 
however, that another quantity of this kind of ce- 
ment, made with a finer and more liquid turpen- 
tine, had not the -power of diminiſhing air, except 
in a very ſmall proportion. Alſo the common red 
cement has this property in the ſame ſmall degree. 
Common air, however, which had been confined 
in a glaſs veſſel lined with this cement about 2 
month, was ſo far injured that a candle would not 
burn in it. In a longer time it would, I doubt not, 
have become thoroughly noxious. 

I before obſerved that air, which had i) ex- 
poſed to the effluyia of the common red cement, was 
injured by it. For this purpoſe, I had covered all 
the inſide of a phial with it, and placed it, inverted, 
in a veſſel of water. Since that time I have re- 
peated, or rather continued the experiment, letting 
the ſame veſſel ſtand about nine months in that ſitu- 
ation; when, upon examining it, I found it. was 
diminiſhed one fifth of its bulk, MERE SEA 3 
at all affected by nitrous air, 

Having had ſo much to 2 ba I he 
courſe of my late experiments, 1 had the curioſity 

to try what would be the effect of that proceſs by 
which the grey calx of lead is converted into red 
lead. The ſimple calcination of lead, I knew to 
be the diſcharge of phlogiſton, by which the air 
contiguous to it js diminiſhed; and, as far as I 


23 have 
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have had an opportunity of obſerving, the continu- 
ance of the ſame proceſs, by which the grey calx 
is converted into red lead, is of the ſame nature, 
viz. a farther diſcharge of phlogiſton, and conſe- 
quently a diminution of the air. For I threw the 
focus of a burning lens upon a ſmall quantity of 


the grey calx of lead, placed under a receiver ſtand- 


ing in water; and though this operation did not 
make it abſolutely red lead, it gave it a reddiſh 
tinge ; and I found, by the teſt of nitrous air, that 
the air in which the experiment was performed was 
conſiderably injured, being not nearly ſo much af- 
feed by nitrous air as common air is. In fact, the 
calx of lead imbibes dephlogiſticated air from the 
atmoſphere, as does the vapour of mercury in the 
experiment above-mentioned. 

n e e, whick fits Weben ai in 8 
manner ſimilar to the effect that oil of turpentine 
has upon it, affects common air alſo in a ſimilar 
manner, and in both cafes alſo in a much leſs de- 
gree. When I agitated a quantity of common air 
in ſpirit of wine, it was not much injured, but was 
ſenſibly affected, as appeared by its not being quite 


| = RIOT AP ogy air as it would have 


been before. 
Though ether be an Gil, I do not find " 1 


any power of parting with its phlogiſton to com- 


N ſenſibly to injure i. To a phial half 
filled 


* 
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filled with water I put a ſmall quantity of ether, 
and then inverted the phial in a baſon of water, ſo 
that the air within the phial was expoſed to the in- 
fluence of the ether. Things being thus circum- 
ſtanced, I obſerved that, after ſome time, the air 
was diminiſhed about one third; but being examin- 
ed after it had continued a month in this ſituation, 
and all the ether had diſappeared, the air was not 
ſenſibly changed. It was diminiſhed. as much as 
before by nitrous air, and was not in the leaſt de- 
gree inflammable. The reaſon. of its apparent di- 
minution could only be this, that the firſt effect of 
ether, as I obſerved a long time ago, is to,double 
the bulk of any kind of air into which it is intro- 
Avced ; but that, in all theſe caſes, part of the in- 
creaſe always diſappears, probably by the abſo 
tion of part of the vapour of the euer gi 


. ee . 
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SECTION vi. 


f te Poor of Oil of Turpentin, both Nui. 
e ee (x ga LON 


1" Haye obſerve that oil of pts has the 
power not only of diminiſhing, and phlogiſti- 
"cating, but alſo of actually abſorbing a very great 
Proportion of common air, in a manner that i is s very 
remarkable, TH 
Tue firſt time that I expoſed common air to the 
-Hiflvence of oil of turpentine (which was about the 
fame time that I was trying its effects upon nitrous 
ait, and which I was led to do in conſequence of 
obſerying its remarkable power of decompoſing 
| that kind of air) I found that when I placed a phial 
of oil of turpentine with its mouth in a baſon of 
the ſame, leaving about one fourth of the contents 
of the phial of common air, it was very conſiderably 
diminiſhed, and without any agitation, in a few 
hours, ſo that it extinguiſhed a candle. It had a 
ſtill greater effect in diminiſhing dephlogiſticated 
air. At another time oil of turpentine, applied in 
the /ame manner, abſorbed more than three fourths 
of a quantity of common air ; and ſome oil of tur- 
| pentine, 
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pentine, which had before imbibed a very large 
quantity ee eee eee 
air, but not in ſo great a degree. | 
My reader will not wonder dba 10 was 7 
ingly ſurprized at this power of oil of turpentine 
to abſorb ſo great a proportion of common air, in 
the above-mentioned experiment, when he recollects 
that in no former caſe, had I ever found that com- 
any phlogiſtic proceſs. But that oil of turpentine 
would do much more than this, I had repeated 
proof. . I have one memorandum of a quantity of 
oil of turpentine abſorbing” five ſixths of a quantity 
of common air. Ther in this experiment 
1 examined very particularly, and found it to be, 
in all reſpects, the ſame thing that I have deno- 
minated pblogiſticated air; for it did not make lime 
water turbid, was not affected by nitrous air, and 
extinguiſhed a candle. At the ſame time four 
fifths of a quantity of dephlogiſticated air was ab- 
ſorbed by the ſame fluid, and the remainder ex- 
tinguiſhed a candle; and, I doubt not, would have 
appeared, if it had been examined, to have been 
completely phlogiſticated. _ 
Alter this I was eaccecighy.grantiel vo fad chet | 
could not make a quantity of oil of turpentine ab- 
ſorb more than one fourth of the common air to 
which it was expoſed. Even long time, and agitation, 
107 had 
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had no more effect; and yet this was of the very 
Fame oil of turpentine that I had made ule of before. 
But reflefting on the prodigious difference in theſe 
-reſults, it occurred to me that, poſſihly, the oil of tur- 
pentine, in che ſtare in which T firſt made uſe of it, 
might have been deprived of all air; and being, 
perhaps, capable not only of imparting phlogiſton to 
air, and thereby of diminiſbingit in che vſual propor- 
tion, but alſo of inviting the air in ſubſtance, it had, in 
che former caſe, produced both thele effects; whexe- 
as having ſince that time been much expoſed to the 
open air, jt had become ſaturated with it, and chere- 
fore could have no effect of imbibing, but only of 
_ -phlogiſticating air, and conſequently of diminiſhing it 
one fourth, which was the utmoſt extent of Scher 

| purely phlogiſtic proceſſes. 

In order to aſcertain this, I placed a quantity ofthe 
{ame oil of turpentine under the receiver of an, air- 
pump; and, exhauſting it, preſently found that it diſ- 
charged air in. great plenty; and immediately after 
this expoſing a quantity of common air to it, in the 
manner mentioned above, I found that, in the ſpace 
of a day, one half of it was abſorbed. N 

In order to try whether aher gſential oils had the 
property of phlogiſticating common air, as well as oil 
of turpentine, I careſully took out the corks of three 
phials, two of which contained oil of mint, and the 
other eee, and found that pieces of red- 

hot 
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hot wood were inſtantly extinguiſhed in them all; 
ſo that I was fully fatisfied that the air was phlogiſti- 
cated, without conveying it into other phials through 
water, which would have been attended with the loſs 
of the oils, 

Being . at the * time in 3 ex- 
periments on canſtic alta, and other ſubſtances, to 
aſcertain their effects on ſeveral kinds of air, I placed 
under the ſame receiver of the air-pump a quantity 
of oil of turpextine, of cauſtic alkali, and of » diffilled 
water ; and found that they all contained a good 
deal of air: and then, nearly filling equal phials with 
each of theſe fAluids, and inverting them in baſons of 
the ſame, ſo that equal quantities of common air 
were left in all the plnals, expoſed to equal ſurfaces, 
and equal quantities of the ſeveral fluids ; I obſerved 
that the oil of turpentine immediately and vigorouſly 
abſorbed the air, ſo that in a few hours it had inabib- 
ed about one half of the whole quantity expoſed to it, 
while the water had imbibed but very little, and the 
cauſtic alkali none at all that I could perceive. 
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ieren . 
ofue Efes of Spirit or Nitre on Arr. 


1 have ſufficient proof, that the nitrous acid, both 
when combined, as it generally is, with water, and 
kkewiſe when exhibited in the form of vapour, or 
air, is ſo loaded with phlogiſton, as to be capable of 
diminiſhing both the common air, and the nitrous 


air, which are expoſed to it. This I thought to be a 


fact of a pretty extraordinary kind; it appeared ſo 
much ſo to me, that I had expected the very contra- 
ry effect from the experiments that I made upon it; 
having imagined that, ſince the nitrous acid conſti- 
tutes the pureſt of all the kinds of air, common air 
wanted nothing more than a greater proportion of this 


acid to-become dephlogiſtcated air; and thus I was 


in hopes of being maſter of a proceſs, by which I 
could not only reſtore vitiated air to its original pu- 
rity, but even improve the purity > common air it- 

ſelf. 
But when I had got my phials with ground-ſtop- 
pers, I introduced the tube of one of them, into 
5 n which 
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which I had put ſome ſtrong ſpirit of nitre, under the 
edge of a ſmall jar, filled with air that had been in- 
jured by putrefaction about a year before: and mak- | 
ing it boil, forced the hot fumes to riſe into, and 
mix with it, for a- conſiderable time, till the acid 
ſeemed to be. almoft expelled from it; but I could 
not perceive that the air was fenſibly altered by this 
operation. It was no more- diminiſhed wt nitrous 
air than it had been before. 

Then it occurred'to' me that I had, ws Try 
time, a very good opportunity of aſcertaining the ef? 
fect of the fumes of ſpirit of nitre on common air, h 
means of a quantity of ſtrong ſmoking ſpirit of 
nitre, contained in a large phial, one fourth part of 
which was full, and which had not been opened 
for half a year; ſo that all che incloſed air, which 
was three fourths of the contents of the phial, had 
| boogie ce ORE of the __ of nitre 
all that time. 

By lofing the ſpirit & nitre, I ht 1550 tranſ 
ferred this air into another veſſel; without any mix- 
ture of common air; but not chuſing to do that, I 
poured it into another phial, by which means I got 
a mixture, three-fourths of which was the air from 
the phial, and one-fourth atmoſpherical air, for 
which I had to make an allowance. Examining 
this mind by the teſt of nitrous air I found: that 
two 


, 238 OBSERVATIONS ON Part II. 


two meaſures of it, and one of nitrous air, occupied 
the ſpace of two meafures and a half, and a candle 
would not burn in it; ſo that the ſpirit ofnitre muſt, 
as I then thought, have imparted phlogiſton to the 


air which had been expoſed to it, and in ſo great a 


degree, that it had become almoſt perfectly noxious; 
as may be eaſily concluded, by allowing for the mix- 


L FART air IOL It in ey, 


periment. 

- That acid fumes, as ſuch, Wen 

common air, I, at the ſame time, aſcertained, by 

making the ſame experiment on the air of the phial 

which had contained the ſtrongeſt ſpirit eee 

I believe, for a longer time. This, however, was 

in all reſpects as good as common air. 
Afterwards, when I had contrived to fumigate dif- 

forent kinds of air, with the vapour of ſpirit of nitre, 

by a ſingular kind of proceſs which will be mention- 


dd below, I found that it had no effect whatever up- 


on common air; for in this caſe, I believe it con- 


tained very little phlogiſton. 
I have obſerved above, yr common air is W 


giſticated by continuing a conſiderable time involved 
in the red vapour of ſpirit of nitre. This, contrary 
to my expectation, I alſo found to be the caſe with 
the colourleſs, or inviſible vapour of ſpirit of nitre, 
after all the colouring phlogiſtic matter had been 
Go I driven 
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driven out of it, Air that had continued only two 
days in a phial with a glaſs ſtopper, which contalned 
ſome of this colourleſs acid, was ſenſibly leſs affected 
by nitrous air than common air was; and the air that 
had been confined in the fame glaſs tube in which 
forme of the colourleſk nitrous acid had been placed 
in the ſand furnace only two days, though the heat had 
| been ſo ſmall as to have produced no chatige of colour 
in theacid, was ſo much phlogiſticated, that one mea- 
ſure of it, and one of nitrous air occupied the oor 

of 1.81 meaſures. | 
In order to compare the effects of the ſte ſpin 
of nitre on common and on dephlogiſticated air, 1 
once, for about a fortnight, expoſed two half-ounce 
phials, nearly filled with the ſtrongeſt brown ſpirit of 
nitre, one of ther to a quantity of common air, and 
the other to about an equal quantity of dephlo- 
giſticated air; and I obſerved that the tir in each of 
theſe caſes was diminiſhed in about the ſame propor- 
tion, and that the dephlogiſticated air was confider- 
ably injured. The ſurface of the ſpitit of nitte in each 
of the phials was become much lighter-evloured than 
before, and the brown colour had, throughout, intire- 
ly diſappeared; owing, as I then thought, to its hav- 
ing parted with its phlogiſton; and what I thought 
ſomething remarkable, clouds of ſome whitiſh mat- 
ter, not much unlike flowers of zinc, floated on the 
ſurſace 
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ſurface of the ſpirit of nitre in both the phials. The 
quantity of acid was ſenſibly diminiſhed in both; and 
carefully pouring off the upper and lighter- coloured 
part of the acid in both the phials, I found that they 
yielded nitrous air in nearly the ſame proportion, 
which was as four to nine, of what they had done be- 
fore; while the ſtronger part of the acid, at the bot- 
tom of the phials, yielded nitrous air in the propor- 
tion of ſeven to nine of what they had done before. 
I have found air to be diminiſhed by the efluvia 
of nitrous ether. For the air which had been confined 
about a week; in a bottle in which a quantity of ni- 
trous ether had been kept, was ſo much injured, 
that two meaſures of it, and one of nitrous air, oc- 
cupied the ſpace of two meaſures and a half. As I 
let a good deal of common air into the phial, at the 
ſame time that (not chuſing to loſe it) I poured the 
ether out of it into another phial, I conclude that the 
air in the phial was almoſt perfectly noxious, 
I alfo found that air was injured by being expoſed 
to freſh melted nitre. I had been led to make this 
experiment by obſerving that nitre, when it is fuſed 
by heat, yields air. Seeing this, I had the curioſity 
to try whether it would recover the air it had loſt by 
being expoſed to the common air, and at the ſame 
time to obſerve. what effect this expoſure would 
ne upon the common air, in order to judge what 

it 
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it was that nitre; in thoſe circumſtances, took from 
the air. And I find that common air, expoſed. to 
nitre in theſe circumſtances, is à little injured, but 
with ſuch cireumſtances attending the oe of it, as I 
had never obſerved before; and which I cannot well 
account for. The facts were as follow. | 

I melted about an ounce of nitre in a crucible, 4 
immediately placed it under a receiver ſtanding ii 
water, where it preſently became ſolid. The next 
morning I examined the air in which it had ' ſtood; 
and found it to be not ſo good as common air, fad 
Aſterwards I melted ſome nitre in a glaſs- 
phial, and the veſſel being broken by the expanſion 
of the nitre in cooling, I expoſed the nitre to a quan- 
tity of air confined by water, ſo that the common air 
had acceſs' to it on all ſides ; whereas, in the former 
experiment, it had been contiguous to it at its ſur- 
face only. After about a week I examined this air;by 
the teſt of nitrous air, and found it to be 
worſe than common air ; two meaſures of it, and one 
of nitrous air, occupying the ſpace of two meaſures 
only: whereas the mixture of common air made at 
the ſame time, and with part of the ſame quantity of 
nitrous air, was diminiſhed as much as uſual. I did 
not carry this experiment any farther, as I did with 
another quantity of common air, which had likewiſe 
been expoſed about a week to melted nitre in the 
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Two meafures of this air; and one of nitrous, 
at firſt occupied the ſpace of little more than two 
meaſures ; but it kept continually approaching to 
the degree of diminution of a mixture of common 
air made at the fame time, till after four days the 
difference between them was very ſmall, Whether 
after a longer time theſe two mixtures would have 
been reduced to the very ſame dimenſions, I cannot 
tell. I made no more experiments of this kind, nor 
have I, in any other reſpect, PA 11 ſingular 
kind of fact any farther,” 

T obſerved that the vapour of marine ned does 
not injure air, and I had the faireſt opportunity of 
trying this; when I had expoſed a quantity of this 
acid, in a glaſs tube hermetically ſealed, during ſeve- 
rat months, to a fand heat. For the air within this 
tube, being examined ſeveral months after it had been 
expoſed to that heat, was found to be not at all in- 
jured. The air which had been confined along with 
vinegar in the ſame” manner, and the fame ſpace of 
time, was ſo far injured,” that, wich an equal 
quantity een air, the af. of rolls Non 
were. "ah | | 
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rade he Eton of Water na 


TOTWITHSTANDING it W man- 
im with chemiſts, that water contracts no 


anion with Fee i „mene sd mb wilt . * 


freſh diſtilled acquires ſomething of an empyreuma- 


tic nature, which gives it an unpleaſant flavour, and 


which goes off by expoſure to the open air. That 
this volatile principle is phlogiſton I thought that I 
had aſcertained by expoſing air to the influence of it. 
I took water . freſh. diſtilled in copper, and- filled 
4 phial about half full of it, and examining the air 
within the phial about a month. afterwards, I found 
n ſo much phlogiſticated, that one meaſure of it and 
one of nitrous air occupied the ſpate” of 1.7 
meaſures; „eee et er rare rage 
mom air, the e meaſures were 1.22272” 
In this caſe might be küſpecked hr the phlo- 
gilton came from the copper. But at the ſame 
time I made a fimilar experiment, with a ſimilar re- 
ſult, on water diſtilled in In this caſe there 
was more air, and a ſmaller quantity of water in the 
phil br he time vf expoſe 1s ney the me 
= R 2 


appearances is, that-water freſh diſtilled, is diſpoſed 


purified by agitation in it; which, though I did not 
ſuſpect it at the time, muſt have been owing to purer 
air from the water, mixing with the more i . en 


agitated in it. 
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and with this air the meaſures of the teſt were 1.26. 
It is probable that with more water, more time, 


and lefs air, the reſult would have been more conſi- 
| derably in favour of che water having acquired 


in the a& of evaporation, without any 
communication with ſubſtances that are thought to 


contain it. This experiment, however, is ſufficiently 
ſimilar to the others I have recited, in which mere 


beat had the ſame effect as the communication of 
phlogiſton. However, the true explanation of theſe 


to imbibe pure air, which, accordingly, may be ex- 


eee eee 


To theſe obſervations on the phlogiſtication, as I 


have called it, of air by means of Water, I ſhall add 


others in which phlogiſtieated air was, in ſome degree, 


" Having rendered inflummable air perfefly in- in- 


noxious by continued agita in à trougb of 
water, deprived of its air, I conchided chat other 


kinds of noxious air might be reſtored by the 


ſame means; and J preſently found that this was the 
. eaſe with putrid air, even of more than a year's ſtand- 


ing. I ſhall obſerve once for all, that this proceſs 
WW A ind efantanpintn 
5 | which 


or if freſhy rain-water be uſed, the air will always be 


„ 
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which I have tried it, viz. air injured by reſpiration 
or putrefaction, air infected with the fumes of burn- 


ing charcoal, and of calcined metals, air in which a 
mixture of iron filings and ſulphur, or that in which 
paint made of white lead and oil, has ſtood, or air 
which has been diminiſhed by a mixture of nitrous 
air. Of the remarkable effect which this proceſs 
n ren eee Ae Vit, 1317 


its proper place. 
If this proceſs be aii irie Wee 


either byche-dir-punitps by boiliax;/or'by N, 


diminiſhed by the agitation; and this is certainly 
the faireſt method of making the experiment. If 
the water be freſh pump-water, there will always be 
an increaſe of the air by agitation, the air contained 


in the water being ſet looſe, and joining that which is 


in the jar. In this caſe, alſo, the air has never failed 
to be reſtored; but then it might be ſuſpected that 
the melioration was produced by the addition of 
ſome more wholeſome ingredient. As theſe agita- 
tions were made i jars with wide mouths, and in a 
trough which had a large furface expoſed to the com- 
mon air, I take it for granted that the noxious ef- 
fluyia, whatever they be, were firſt imbibed by the 
water, and thereby tranſmitted to the common ar- 
es In a” 

R 3 cated = 
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[cated by the diſagreeable Well ar. 


operation. N Ann 1266 {18 i 6 
* 1 aal conclude this fetion with obſerving; ut 
1 have found a remarkable difference in diferenit 
kinds of water, with reſpect to their effect on oom 
mon air agitated in them, and which I am not yet 
able to account for, If I agitated common air in. the 
water of a deep well, near my houſe in Calne, which 
is hard, but clear and ſweet, a candle would not burn 
in it after three minutes, The fame was the caſe with 
te rain-water, which I got from the roof of my 
houſe. But in diſtilled water, or the water of a 
ſpring-well near the houſe, I agitated the air about =» 
wcnn minutes, betete ir would be fo much injured, 
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Of the Eflvia of Flowers in . 


Waage 


1 action of « plane conſidered as ſimply ve- 
gitating in air is a ching quite different from the 
effect chat the exbalation of rhe flowers, and perhaps 
other particular parts of the plant, may haye upon it. 
Smell, the old chemiſts faid, was an indie: 
and I find that the molt delicate flay 
jure the air, much more than bed rope, 1 
ching is ſweeter than a 70e, and yet the 
flur is of it is far from being favourable to 
which it is confined, . Nis 15 19 
On the 25th of June Lose a f 1 
roſe in ahout four ounce 2 215 *. 5 95 
having covered it with a andin 
water; and \$ leryed that, N 
was ſo mu ed, that one in 7 
another of nitrous air. occupied the 25 * 
meaſures; ſo that I doubt not that any nimal wo 
have expired junimediately on being put 75 g ki 3 
day following the Rr, of the delt wer 
R 4 


us . -—on5rnvartonson F E 


and the day after ſomething more. Notwithſtand- 
ing this, when the roſe was withdrawn, it did not 
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"Of te Efes of the dhfric Spark on Ar. 3 


Alx is dimjniſhed and rendered noxious by 
the elefiric part, though 1 had no expecta- 
dec iO hit e te prince wy 

The experiments which I made with electricity 

were ſolely jnten ded to aſcertain what has often been 
| oor! 207 as far as 1 know, had never been 
fully accompliſhed, viz, to change the blue colour 
of liquors, tinged with vegetable juices, red. 

For this purpoſe I made uſe gf a glaſ OL] 
about ans IN of an inch diameter in the inſide, 
as in Pl. II. fig. 16. In one end of this I cement- 
ed a piece of wire þ, on which 1 I put a braſs ball. 
The lower part from a was filled with water tinged 
blue ve, or rather purple, with the juice of turnſole, 
or 
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or archil. This is eaſily done by an nend 
the tube being ſer in a veſſel of the tinged water. 
Things being thus prepared, I perceived that, 
aller I had taken the electric ſpark, between the 
wire 4, and the liquor at a, about àa minute, the 
upper part of it began to look red, and in about 
two minutes it was very manifeſtly ſo; and the red 
part, which was about a quarter of an inch in length, 
did not readily mix with the reſt of the liquor. I 
obſerved alſo, that if the tube lay inclined while 
I took the ſparks, the redneſs extended twice as far 
on the lower ſide as on the upper. | 
The moſt important, though 'the leaſt expeRed 
obſervation, . however, was that, in proportion as 
the liquor became red, it advanced nearer to the 
wire, ſo that the ſpace of air eee re, 2c te 
were taken was. diminiſhed; and at length I found 
that the diminution was about one fifth "ofthe 
whole ſpace ; aſter which more an 
duced no ſenſible effec. 5 
To determine „ 
of colour was in che air or in the elefiric matter, 
] expanded. the air which had been diminiſhed in 
the tube by means of. an air- pump, till it expelled 
all the liquor, and admitted freſh blue liquor into 
its place; but aſter that, electricity produced no 
ſenſible effect, either on the air, or on the liquor: 
A 1 
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ſo that, as 1 then thought, it was evident, that the 
electric matter had | decompoſed the air, and had 
made it depoſit ſomething that was of an acid na- 
ture. But Mr. Cavendiſh has proved that nitrous 
acid was formed in this proceſs by an union of the 
dephlogiſticated and phlogiſticated air in common air. 

In order to determine whether the wire hall 
contributed any thing to this effect, I uſed wires 
of different metals, iron, copper, braſs, and ſilver; 
but the reſult was the very ſame with them 
It was alſo the ſame when, by means of a bent 
glaſs tube, I made the electric ſpark without any 
wire at all, in the following manner. Each leg 
of the tube, Pl. II. fig. 19, ſtood in a baſon of 
quickſilver; which, by means of an air- pump, 
was made to aſcend as high as 2, a, in cach leg, 
while the ſpace between a and & in each contained 
the blue liquor, and the ſpace between 5 and 5 con- 
tained common air. Things being thus diſpoſed, 
I made the electric ſpark perform the circuit from 
one leg to the other, paſſing from the liquor in 
one leg of the tube to the liquor in the other leg, 
through the ſpace of air. The effect was, that the 
liquor, in both the legs, became red, ——— 
n ee e e as beſore. 
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Air thus diminiſhed by electricity makes no ef- 
ferveſcence with, and is no farther diminiſhed by, 
a mixture of nitrous nir; fo that it muſt have been 
in the higheſt degree We ere 
miniſhed by any other proceſs. | 

I took — tn-doanmcbiate cinfuhi 
by quickſilver; and then, admitting to it water 
tinged blue with the juice of turnſole, it became 
red in the ſpace of a day and two nights, but the 
colour did not change preſently. - Alſd, after this 
the ——_— Was Wo than it e. been be- 
fore. 

e . In. comet 
upon quickſilver, as before, it was preſently dimi- 
niſhed as uſual; and the next day without any far- 
ther electrification, the diminution was more con- 
ſiderable. The third day I admitted to it the 
Juice of turnſole, and in about an hour it appeared 
to be red at the top, but was not ſenſibly diminiſh- 
ed more than before, In leſs than a day it became 
wholly red, and then no farther diminution was ap- 
parent. 

1 took a quantity of water which had been made 
blue with the juice of turnſole, and which had been 
made ſeemingly red with the electric ſpark, taken 
in the common air over it; but, on mixing all 
the parts of ix * it reſumed its . 

the 


\ 
Part Il. 


5 n 
the bottom) ſo that alteration in the conſtitution of 
this liquor by this proceſs, though manifeſt to the 
eye, is not, in fact, ſo very conſiderable. It is 
evident, however, from the preceding obſervations, 
that it could not be the mere concuſſion given to 
the air by the ſpark, or ſhock, that had this effect 
upon it; becauſe when the air was completely 
diminiſhed, the ſpark or ſhock had no effect, and 
the liquor turned red when it was admitted to the 
air a long time after the operation of the electric 
ſpark upon it, while it was confined by quick- 
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SECTION XII. 
Of the es of putrid Aube, on A., 


O theſe ſections on the ſubjert of diminiſhed,” 
and noxious air, or as it might have been 
called phlogifticated air, 1 ſhall ſubjoin a letter which 
I addreſſed to Sir John Pringle, on the noxiors 
quality of the effluvia of putrid tharſhes, and which 


was read at a meeting of the Royal Society, Decem- 
ber 16, 1773. 


This letter, Which is printed in the PhillfGphicat 
Tranſactions, vol. 74, p. 90, is immediately fol- 
lowed by another paper, to which I would refer 
my reader. It was written by Dr. Price, who has 
ſo greatly diſtinguiſhed himſelf, and done ſuch ermi- 
nent ſervice to his country, and to mankind, by his 
calculations relating to the probabilities of human 
life, and was fuggeſted by his hearing this letter 
zxead at the Royal Society. It contains a confirma- 
tion of my obſervations or! the noxious effects of 
ſttagnant waters, by dedudtions froth Mr. Muret's 

e eee 
among marſhes, in the diſtriẽt of Va Ty Ti 
6 he Canton of Berif in eee 3 a 


To 
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To Sir JOHN PRINGLE, Baronet. 
DEAR SIR, 

Having purſued my experiments on different 
kinds of air conſiderably farther, in ſeveral reſpects, 
than I had done, when I preſented the laſt account 
| of them to the Royal Society; and being encouraged 

\ by the favourable notice which the Society has 

| been pleaſed to take. of them, I ſhall continue my 
communications on this ſubject. But, without wait- 
ing for the reſult of a variety of proceſſes, which 
I have. now going on, or of other experiments, 
which I propoſe to make, I ſhall, from time to 

time, communicate ſuch detached articles, as I 

| ſhall have given the moſt attention to, and with. 
| reſpect to which, 1 ſhall have been the moſt. ſuc- 

| ceſsful in my enquiries. 

Since the publication of my papers, 1 have read 
two treatiſes, written by Dr. Alexander, of Edin- 
burgh, and am exceedingly pleaſed with the ſpirit 
of philoſophical inquiry which they diſcover. They 
appear to me to contain many new, curious, and 
valuable obſervations ; but one of the concluſions, 

- which he draws from his experiments, I am ſatiſ- 
fed, from ay avm obſervation, is ill founded, and 


from 
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ſrom the nature of it, muſt be dangerous. I 
mean his maintaining, that there is nothing to be ap- 
3 en vv ng er Pf cr 
1 aueh Kavpriſed; to meet with fuch an 
opinion as this, in a book' inſcribed to yourſelf, who 
have ſo clearly explained the great miſchief of ſuch 
2 ſituation, in your excellent treatiſe on the diſeaſes of 
the army: On this account, I. have thought it not 
improper to addreſs to you the following obſerva- 
tions and experiments, which I think cleatly demon- 
ſtrate the fallacy of Dr. Alexander's reaſoning, in- 
diſputably eſtabliſn your doctrine, and indeed juftify 
the apprehenſions of all mankind in this caſe, * 
1 think' it probable enough, that putrid matter, 
28 Dr. Alexander has endeavoured to prove, will 
_ preſerve other ſubſtances from putrefaction; becauſe, 
being already faturated with the putrid efluyium, it 
cannot readily take any more; but Dr. Alexander 
was not aware, that air thus loaded with putrid ef- 
fluvium is exceedingly noxious when taken into 
the lungs. I have lately, however, had an oppor- 
tunity of fully enn how Ty noxious fucks 
air is. 3, 
Happening to uſe at Calne, a much hats 
trough of water, for the purpoſe of my experiments, 
chan I had done at Leeds, and not having freſh water 
o mar at hand as I had there, I negleRed to change 
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it, till it turned black, and became offenſive, but by 


no. means to ſuch a degree, as to deter.me from 
making uſe of it. In this ſtate of the water, I ob- 
ſerved bubbles of air to riſe from it, and eſpecially in 
one place, to which ſome ſhelves, that I had in it, 
directed them; and having ſet an inverted glaſs 
veſſel to catch them, in a few days I collected a eon · 


ſiderable quantity of this air, which iſſued ſponta- 
neouſly from the putrid water; and putting nitrous 


air to it, I found that no change of colour or dimi- 
nution enſued, ſo that it muſt have been, in the 


higheſt degree, noxious. '. I repeated the ſame ex- 
periment ſeveral times afterwards, and always with 


the ſame reſult. 
After this, I had the curioſity to try how 8 


fame air would be afeted by this water; when, W 


my. real ſurpriſe, 1 found, that after only one mi- 
nute's agitation in it, a candle would not burn in it; 
and, after three or four minutes, it was in the ſame 


ſtate with the air, which had iſſued e, 


from the ſame water. 

1 alſo found that common air, confined in 856 
veſſel, i in contac only with this water, and without 
any agitation, would not admit a candle to burn in it 
after two days. 


| Theſe facts certainly demonſtrate, that air which 
either ariſes from ſtagnant and putrid water, or 


. has been for ſome time in contact wich it, 


muſt 


ccd tc =» Cow 
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muſt be very unfit for - reſpiration ; and yet Dr. 
Alexander's opinion is rendered ſo plauſible by his 
experiments, that it is very poſſible that many per- 
ſons may be rendered ſecure; and thoughtleſs of dan- 
ger, in a ſituation in which they muſt neceſlarily. 
breathe it. On this account, I have thought it 
right to make this communication as early as I con- 
venientiy could; and as Dr. Alexander appears to 
be an ingenuous and benevolent man, I doubt not 


but I wraps me for it. | 
1 am, „Kc. ben 


In all the preceding experiments, there is a re- 
markable diminution of common, or reſpi irable air, in 
proportion to which it is always rendered unfit for 
reſpiration, indiſpoſed to efferveſce with nitrous air, 
and incapable of farther diminution from any other 
en | 

All theſe proceſſes, I obſerved, agree in this 
one circumſtance, and I believe in no other, that 
the principle which the chemiſts call pblogiſton is ſet 
looſe; and therefore I concluded that the diminution \ 
of the air was, in ſome way or other, the conſequence 
of the air becoming overcharged with phlogiſton, 
and that water, and growing vegetables, tend to re- 
ſtore this air to a ſtate fit for reſpiration, by imbib- 
ing the ſuperfluous phlogiſton. - 

For this reaſon I ſaid, in the firſt account of theſe 
experiments, if it was thought convenient to intro- 
Vole I 8 duce 
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duce a new term (or rather make a new application 
of a term already in uſe among chemiſts) it might 
not be amiſs to call air that has been diminiſhed, 
and made noxious by any of the proceſſes above 
mentioned, or others ſimilar to them, by the com- 
mon appellation of phlogifticated air. 

Mr. Lavoiſier, however, has proved that in al 
theſe phlogeſtic proceſſes, as I termed them, of air, 
the purer, or dephlogiſticated part of it, is abſorbed, 
though he does not admit that any thing 1s emit- 
ted. In what I ſhall advance on the ſubject of 
phlogiſton, reaſons will be given for concluding 
that both thoſe things take place at the ſame, de- 
phlogiſticated air uniting with the phlogiſton emit- 
ted from the ſubſtance to which the air is expoſed, 
and forming with it either nitrous acid, or fixed 
air, 
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PART. Ut. 


MISCELLANEOUS OBSERVATIONS RELATING TO 
_ - PHLOGISTICATED AIR, 


SECTION I. 
i. Of the Purity of Ain diferen Circumſtances, | 


| WW HEN I firſt diſcovered the property of ni- 

trous air as a teſt of the wholeſormeneſs of 
common air, I flattered myſelf that it might be 
of conſiderable practical uſe, and particularly that 
the air of diſtant places and countries might be 
brought and examined together, with 8 
and ſatisfaction; but I own that hitherto 


ture of nitrous air, is generally inconliderable ; and 
| S 2 I have 
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I have reaſon to think that when very unwholeſome 
air is conveyed to a great diſtance, and much time 
elapſes before it is tried, it approaches, by ſome 
means or other, to the ſtate of wholeſome air. At 
leaſt ſuch I found to be the worſt air that has 
at any time been ſent to me into Wiltſhire from diſ- 
tant manufacturing towns and workſhops, &c. in 
them, where the air was thought to be peculiarly 
unwholeſome. I am ſatisfied, however, from my 
own obſervations, that air may be very offenſive 
to the noſtrils, probably hurtful to the lungs (and 
perhaps alſo in conſequence of the preſence of 
phlogiſtic matter in it) without the phlogiſton be- 
ing ſo far incorporated with it, as to be diſcoverable 
by the mixture of nitrous air. 
I gave ſeveral of my friends the trouble to FED 
me air from diſtant places, eſpecially, from many- 
facturing towns, and the worſt they could find to 
be actually breathed by the manufacturers, ſuch as 
is known to be exceedingly offenſive to thoſe who 
viſit them; bur when I examined thoſe ſpecimens 
of air in Wiltſhire, the difference between them 
and the very beſt air. in this county, 'which is 
eſteemed to be very good, as alſo the difference 
between them and ſpecimens of the beſt air in the 
counties in which thoſe manufacturing towns are 
ldd, was very ig 


4 
1 ** 4 


Mr. 
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Mr. Boulton of Birmingham was ſo obliging as 
to ſend me a great variety of ſpecimens of air from 
that manufacturing town, along with an account 
of his own examination of them by the teſt of ni- 
trous air. I ſhall only note his account of four 
of the ſpecimens, including the beſt and the worſt, 
and reducing his numbers to my own. | 
Mete 
The air in a garden near the new church 1. 39 
The bottom of the old church eps, very 
low and cloſe 1 
The middle of Mr. Taylor's mando q 45 
The horn button manufactory = = | 


When 1 examined them myſelf, on the abet 
December, 1777, the former was as nearly as poſ- 
ſible the fame with the air of pretty high ground 
in Wiltſhire; ſo. that the difference between the 
worlt air in the manufactories at Birmingham, and 
very good air was .06. On the 3d of July fol- 
lowing, I examined the remainder of the ſame ſpe- 
cimens of air again, and found the difference between 
them and good air to be. oz; and at the end of 
October it was only. ol. N 

Dr. Percival alſo was ſo good as to ſend me 
ſeveral ſpecimens of air from Mancheſter, and one 
from his country houſe at Hart-hill, about three 
miles from Mancheſter, the higheſt and healthieſt 
ſituation in that part of the country. The air of 
S 3 this 
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this place was nearly the ſame with that of Wilt- 
ſhire; and when I examined the ſpecimens he 
ſent me on the 3d of July, 1778, the meaſurey 
of the teft for this air were 1.27, of the air from 
a weaving ſhop in Mancheſter 1.305, and of the 
market place 1.295. The difference therefore be- 
tween the former and pure air was only ,035, and 
of the latter only .025, 

The worſt air that I haye yet found breathed by 
men, and that was ſent from a diſtance, was from 
a coal-pit in the neighbourhood of Briſtol, For 
the difference between good air and that which was 
taken in the ſhaft of the pit ten yards below the 

mouth was . , and between the ſame and that 
which was taken where the men were at work 
Was 21. 

Mr, William Vaughan took the cook to pro- 
cure me a ſpecimen of air from a calico printing 
houſe, which was exceedingly offenſive, and I have 
no doubt of its haying been taken yery, properly, 
and having been well ſecured from all communica- 
tion with the external air; and yet when I examin- 
ed it in Wiltſhire the difference between it and 
good common air was only 02. - 

Mr. S. Vaughan, ſenior, on his paſſage from 
Jamaica, brought me two bottles of air, one from 
the hold of the ſhip, intolerably offenſive, the other 
the freſh air above deck about 30 N. but the dif- 

| 8 ference 
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fererite between theſe ſpecimens of air, and the air 
of Wiltſhire, was quite inconſiderable. 

I have frequently taken the open air in the 
moſt expoſed places in this country at different times 
of the year, and in different ſtates of the weather, &c. 
but never found the difference ſo great, as the in- 
ee Wn EI 
n . 


2. Of the State of the Ar in fut lule, 


There is generally a ſenſe of oppreſſion, wed. 
ficult reſpiration, felt on entering a ho7-houſe, which 
ſeems to proceed from ſomething different from 
mere heat; for we feel nothing of that ſenſation 
in an equally warm, well aired room; but my 
obſervations. on this kind of air would not have 


| indicated any ſuch thing. On the 3d of June, 


1778, I took the air in three ſeveral hot-houſes 
adjoining to each other, but having different de- 
grees of heat, and found that one meaſure: of that 
air and one of nitrous air occupied the ſpace of 
1.29 meaſyres ; when the reſult of the ſame ex. 
periment with the external air, taken at the ſame 


time, was 1.27, a difference 3 __ icon 
ſiderable. 


84 3. Q. 
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3. 07 the dee, 75 ** Air in Punt. lan. 


Large and lofty rooms are generally preferable to 
ſmall and low ones, But this is only the caſe when 
the ſame company confine themſelves in it the ſame 
ſpace of time, with the doors, &c. ſhut; for, having 
more air to breathe, it will certainly require more 
time to contaminate it. But when the company is 
large, or proceſſes are going on that will effectually 
contaminate the air (as many candles burning in the 
room, hot victuals, continuing a long time upon the 
table, &c.) a ſmall room is much preferable, unleſs 
there be an opening in the top of the large room, 
that will eaſily promote a change of air in it. Be- 
cauſe the occaſional opening of the door in a ſmall 
room will generally produce a ſufficient change of a 
great part of the air; whereas the height of the door 
bearing but a ſmall proportion to the height of a large 
and well proportioned dining room, the opening of 
the door, or even its continuing open, has very little 
effect. The extreme offenſiveneſs of the air in theſe 
circumſtances is not perceived by perſons who 
fit in it from the beginning, but it is immediately per- 
ceived by perſons who ſtep out _ and 
return to it, | 


. Dining 
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Dining one time in a company of not more than 
eight or ten perſons, in a large and very loſty room; 
and being called out preſently after the cloth was re- 
moved, I was much ſtruck with the offenſiveneſs of 
the air on my return; and being willing to aſcertain 
the degree in which it was injured, I took occaſion on 
ſome pretence or other, to pour the water from one 
full decanter into another, and putting in the ſtopper, 
ſaw that nobody opened it till the company ſeparated, 
I then took the decanter into my laboratory, and ex- 
amined the air at my leiſure; when it appeared to be 
much contaminated, For one meaſure of this air, 
and one of nitrous air, occupied the ſpace of one 
1. 31 meaſures; when the ſame experiment being 
made with the air of a well ventulated room in the 
ſame houſe, the meaſures were 1.25. At the ſame 
time I breathed a quantity of air till it juſt extin- 
guiſhed a candle, and found that the meaſures were 
1.43. | So that, had the air of the dining room re- 
ceived a little more than twice as much more phlogiſ- 

tic matter, as it was charged withby the breathing of 
theſe eight or ten perſons, the effluvia of the victuals, 
&c. a candle would not have burned in the room. I 
would adviſe, therefore, that when ſuch large dining 
rooms are built, proviſion be made for letting out 
the vitiated air at the top of them. For breathing 
ſuch contaminated air ſo long a time as it is now 


 inflammable air in water about three months, and 
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the cuſtom to do, at and-after dinner, muſt be very 
hurtful. Otherwiſe if it were not inconvenient on 
other accounts, it would be better to have the dinner 


in one room, and the deſert in another, 


SECTION u. 


Oi ene Ar is phlogiſticated by Means 
| of inflammable Air. 


AVING been led W to 
A 1 expect, and even to believe, that common air 
is uſually phlogiſticated by acualy decompoſing « | 
{mall quantity of inflammable air, admitted to it in 


its naſcent ſtate (notwithſtanding large quantities of 
inflammable air ready formed have no ſenſible effect 


upon it) I wiſhed to aſcertain ſo extraordinarya fact, 
by ſome experiments of a more deciſive nature, and 
with that view I made the following. 

Firſt I took a pot of iron filings and ſulphur, 
which I had found to have been in a ftate of yielding 


which 
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which I therefore. preſumed would continue for ſome 
time in the ſame ſtate. This pot being introduced 
to a quantity of ebmmon air made no addition to it, 
but diminiſhed it, and phlogiſticated it as uſual. 

I then took a quantity of this mixture, which had 
yielded inflammable air many months, in a veſſel of 
water. On the 22d of September I introduced ſome 
common air into the veſſel in which it was contained, 
and on the 26th of October I obſerved that, though 
this mixture, now covered with water, had thrown 
up bubbles of air, which mixed with the common air 
on the ſurface of the water, that air was ſenſibly di- 
miniſhed, though not more than one tenth in all, 
and being examined was found to be phlogiſticated, 
and to have nothing inflamumable in it. At the 
ſame time a quantity of dephlogiſticated air, expoſed 
in a ſimilar manner, was diminiſhed from eleven and 
a half to one third; and from having been ee, 
the meaſures of the teſt, with two equal quai of 
nitrous air, were now 1.24, A candle burned I it 
better than in common air, but there was. * 
inflammable in it. 

But the moſt deciſive avian I madvof chis 
kind was the following. A quantity of iron filings 
and ſurphur were mixed, and put into a phial filled 
up with water, on the 24th of June 1779, and on 
the 25th of July following it had yielded a quantity | 
of inflammable air, which was then all * 
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and on the 22d of September more inflammable air 
was produced, about two ounce meaſures in all. Having 
by this means ſatisfied inyſelf that this mixture was 
in a ſtate of yielding inflammable air, I introduced to 
it a quantity of common air (the phial having been 

always kept inverted in a baſon of water) and on the 


26th of October I found the common air very con- 


ſiderably diminiſhed. This air then being thrown 
out, the mixture was kept in the phial, now filled 
with water. In theſe circumſtances, it continued to 
yield air, and when an ounce meaſure and a half 
was produced, which was on the 24th of March 
1780, I examined it, and found it to be ſtrongly in- 
flammable, There could therefore be no doubt 


but that the common air in this experiment had 
been diminiſhed and phlogiſticated by an addition of 


inflammable- air in its naſcent ſtate, or rather after it 
was completely, though but newly formed. . 

1s not by any means infer that, becauſe com- 
mon air was diminiſhed. in this caſe, in conſequence 
of an acceſſion of - inflammable air in its naſcent 
ſtate, that it is never diminiſhed in any other man- 
ner ; but perhaps it will be found that all the ſub- 
ſtances which we know to phlogiſticate common 
air are likewiſe capable of yielding inflammable 


air, if not in the temperature of the atmoſphere, 


at leaſt by means of heat, or in ſome other pro- 
ceſs. This I found to be the caſe with metals, 


Gn © 
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and it has been ſeen to be ſo, in one inſtance, with 
liver of ſulphur, and it is remarkably the caſe with 
all putrefactive ſubſtances. Vaults containing hu- 
man excrements are often found to abound with in- 
flammable air, and they, like other putrefactive 
ſubſtances, diminiſh common air. 

The preceding experiments on the phlogiſtica- 
tion of common air by means of inflammable air, 
led me to try whether a degree of heat ſhort of ig- 
_ nition would not make a quantity of inflammable 
air, ready formed, part with its phlogiſton to com- 
mon air. For this purpoſe I mixed two tllirds of 
common air with one third of inflammable air, and 
J kept them as hot as I could do without melting 
the glaſs veſſel in which they were contained ſeveral 
hours; but afterwards they occupied the ſame 
dimenſions as before. This air was confined in a 
glaſs jar, the upper part of which was furrounded: 
with hot coals, en, of * che intruken Pl fl. 
fig. 4. ants 3: v 111 

I then tried what Jong of time would ene in a | 
caſe; but though I always found a very / fenfible, 
and ſometimes a conſiderable diminution, the pile! 
giſtication” was never completed, and the progreſs 
of it always ſtopped, without ever proceeding far? 
ther in any length of time afterwards.” "The follow⸗ 
ing late in Nee of this it 12 be Joſt Forth 1 While 
to recite, 852 * 


A mixture 
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A mixture of one third inflammable air and two 
thirds common air, which had been confined by 
water from the 3oth of June 1779, was diminiſhed 
the 18th of March 1780 one twelfth, and bumed 
with a lambent blue flame. | 

A mixture of one third inflammable air als 
thirds common air, from ſome time in the month 
of June 1779, was diminiſhed one thirtecenth on 
the 20th of July 1780; but it had been diminiſhed 
nearly as much on the 5th of October preceding, 
It burned with a conſiderable exploſion. 

Another quantity, one third inflammable air from 
marſhes, and two thirds common air, from the 
ſame time, was diminiſhed one tenth ; but on the 
' 18th of March preceding it was diminiſhed one 
twelfth, and then burned with a blue flame. On 
the 20th of July 1780, it burned in man 


manner, 


Exactly en to theſe were the experiments 
that I made with various mixtures of dephlogiſti- 
cated air and inflammable air. Air one half in- 
flummable and one half dephlogiſticated, mixed-in 
June 1779, was on the 20th of July 1780 diminiſh- 
ed one fifth ; but it had been diminiſhed two thirds 
ERS of Ofoher proceing,, It burned with 
a conſiderable exploſion. 

Another We, the ſame kind, and made a 
the ſame time, was, on the 3d of July 1779, dimi- 
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niſhed two elevenths, and on the firſt of January 
1780, it was diminiſhed two fifteenths more. On the 
20th of July 1780, it was in the very ſame ſtate, and 
burned with a very conſiderable exploſion, — _ 


SECTION Il. 


. 


of the 22 of Water on aueh 4r. 


* the W. of ry wats e 
that all kinds of air were brought by agitation in 
water to the ſame ſtate, the-pureſt air being partially 
phlogiſticated, and air completely phlogiſticated 
being thereby made purer; inflammable air alſo 
loſing its inflammability, and all of them bei 
brought into ſuch a ſtate, as that à candle wou 
juſt go out in them. This inference I made from 
all the kinds of air with which I was then acquaint- 
ed, and which did not require to be confined by 
mercury, being brought to that ſtate by agitation in 
2 trough of water, the ſurface of which was expoſed 
4 the open air; never imagining that when the air 

RED, I In . in 
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in my jar was ſeparated from the common air by a 
body 'of water, generally about twelve inches in 
depth (adding that within to that without the jar) 
they could have any influence on each other. 1 
have, however, been long convinced that, impro- 
bable as it then appeared to me, this is actually the 
caſe, though a fact ſo remarkable » well deſerves to 
be farther attended to. 

As I have no where recited any experiments 
which prove that this change in the ſtate of the air, 
agitated in water, depends upon that water having | 
ſome communication with the atmoſphere, I ſhall 
do it here, after an account of ſome other experi- 

ments, from which it is equally evident that, not- 
withſtanding every poſſible precaution, the air will | 
be changed if there be that communication. 
I agitated, a quarter of an hour, about three 
ounce meaſures of air, phlogiſticated with nitrous 
air, in a veſſel containing twenty ounces of water, 
which had been boiled ſeveral hours, and while it 
was very warm; after which it was diminiſhed one 
ſixth; and was ſo much improved, that the ſtandard _ 
of it: was 1.74. The next day I agitated the re- 
mainder of it another quarter of an hour in the 
water which had been boiled at the ſame time, when 
mne en bench. err RON 
of irwas 1. 9. 057 Y 


$4 5 | | alf 
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I alfo agitated the ſame quantity of air, phlogiſ- 
ticated with iron filings and 'ſulphur, in the ſame 
manner twenty minutes, when it was - diminiſhed 
one ſeventh, and the ſtandard of it was 1.66. 
I afterwards expelled a little air from the water in 
which this air had been agitated ; and from that with 
which the firſt of theſe experiments was made, I got 
air, the ſtandard of which was 1.66 and from the 
water in which the ſecond experiment was made, air 
of the ſtandard of 1.33. In this a candle would 
have burned. It is evident, from the diminution of 
the air in theſe experiments, that part of it is ab 
ſorbed by the water. But it is no leſs evident, as 
will appear by the next experiment, that the place 


of ſome part of the air which had been abſorbed +» 


was ſupplied by a purer air, which the water had 
| imbibed from the atmoſphere. That water dds 
imbibe the purer part of atmoſpherical air, in pre- 
ference to that which is impure, is evident from 
the air that is expelled from it by heat. For if the 
water be clear, and free from any thing that is putreſ- 
cent, the air expelled from it is generally of the ſtan- 
dard of 1.0; whereas, that of the atmoſphere, 
when the nitrous air is the pureſt, is about 1.2. 
But the experiment which deciſively proved that 
my former concluſion was fallacious was the follow- 
ing. After expelling all air, by boiling, from a 
Vox, II. 4 quantity 
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quantity of water, 1 put to it, in ſeparate phials, 

air that had been phlogiſticated with iron filings 
and ſulphur ; and corking them very well, I left 
them with their mouths in water, and occaſion- 
ally agitated them. After about two months I 
examined them, and 1 found both the air that was 
confined by the water, and alſo: that air which by 
heat I expelled from the water, completely phlo- 
giſticated. The ſame was the reſult of a ſimilar 
experiment, in which the air had been expellos 
from the water by the air- pump. [ 
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B o OK. VI. 


OF SOME KINDS OF AIR THAT ARE REA= 
'DILY ABSORBED BY WATER. 
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The Eber of the Diſcovery of this Kind of Air. 

Be very much ſtruck with the reſult of 
of Mr, Cavendiſh's, related Phil. 
Tranſ. Vol. LVI. p. 157, by which, though, he 
ſays, he was not able to get any inflammable air 
from copper, by. means of ſpirit of ſalt, he got a 
much more remarkable kind of air, viz. one that 
loſt its elafticity by coming into contact with water, 
I was exceedingly, deſirous of making myſelf ac- 
T 2 2 | quainted 
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| quainted with it. On this account, l began with 
making the experiment in quickſilver, which I never 


failed to do in any caſe in which I ſuſpected that 
air might either be abſorbed-b y water, or be in any 


other manner affected by it; and by this means I 


preſently got a much more diſtin&t idea of the na- 
ture and effects of this curious ſolution. . _ 
Having put ſome copper filings into a ſmall 
phial, with a. quantity of ſpirit of ſalt; and making 
the air (which was generated in great plenty, on 
the application of heat) aſcend into a tall glaſs veſ- 
au full of quickſilver, and ſtanding i in quickſilver, 
the whole produce continued a' conſiderable time 
without any change of dimenſions. I then intro- 
duced a quantity of water to it; when about three 
fourths of it (the whole being about four ounce 
meaſures) preſently, but gradually, e, the 
quickſilver riſing in the veſſel, 
Having frequently continued this proceſs a long 
time after the admiſſion of the water, I was much 
amuſed with obſerving the large bubbles of the 


newly generated air, which came through the quick- 


ſlver, the ſudden, diminution of them when they 
came to the water, and the very ſmall bubbles 
which went through the water. They made, how- 


ever, a continual, though tow, increaſe of inflam- 
mable air. 


The 
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The ſolution of lead in the marine acid is attend 
ed with the very ſame phenomena as the ſolution 
of copper in the ſame acid; about three fourths of 
the generated air diſappearing on Rel! of 
water; and the remainder being inflammable. 
91 had always thought it ſomething extraordinary 
that a ſpecies of air ſhould 19, its elaſticity by the 
mere contact of any thing, and from the firſt ſuſ- 
pected that it muſt have been inbibed by the water 
that was admitted to it; but ſo very great a quan- 
tity of this air diſappeared upon the admiſſion of 2 
very ſmall quantity of water, that at firſt I could 
not help concluding that appearances favoured the 
former hypotheſis. I found, however, that when 
admitted a much ſmaller quantity of water, con- 
fined in a narrow: glaſs tube, a part only of the air 
diſappeared, and that very ſlowly,” and chat more 
of it vaniſhed: upon the admiſſion of more water. 
This obſervation put it beyond à doubt, that this 
air was properly imbibed by the water, which, be- 
ing once fully ſaturated with 8 was A pes. 2094 29h | 
receiving any more. 

The water thus Watch rated very eid, 
even when it was much diluted with other water, 
through which the tube containing 'it was drawn, 
It even diſſolved iron very faſt, and generated in- 
flammable air. This laſt cdi together 


. 8 With 
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with another which immediately follows, led me to 
the diſcovery ons rb ggf u of this er 
kind of air. 5 
8 ——— aig thaw, winks d 
copper and a ſmall quantity of ſpirit of ſalt, in the 
generation of this kind of air, I was ſurprized to 
find that air was produced long after, I could not 
but think that the acid "muſt have been ſaturated 
with the metal; and I alfo found that the propor- 
tion of inflammable air to that which was abſorbed 
by the water continually diminiſhed, till, inſtead of 
being one fourth of the whole, as I had firſt ob- 
ſerved, it was not ſo much as one twentieth. ' Upon 
this, I concluded that this ſubtle air did not ariſe 
from the copper, but from the ſpirit of ſalt; and 
preſently making the experiment with the acid 
only, without any copper, or metal of any kind, 
_ this air was immediately produced in as great plen- 
ty as before; ſo that this remarkable kind of air 
is, in fact, nothing more than the vapour, or fumes 
ol ſpirit of ſalt, which appear to be of ſuch a nature, 
that they are not liable to be condenſed by cold, 
like the vapour of water, and other fluids, and 
therefore may be very properly called an acid air, 
or more reſtrietively, the marine acid air. | 
When this air is all expelled from any quantity of 
— of falt, which f is _ e 5 the ſub- 
- ſequent 
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mainder is a very weak acid, barely capable of diſ 
ſolving iron. Take nue jo bits. 


In may firſt experiments on this ſpecics of at, I pro- 


cured it from ſpirit of ſalt, but I afterwards, hit up- 
on a much Jeſs expenſive method of getting it, by 


having recourſe to the proteſs by which the ſpirit 


of falt is itſelf originally made. For this purpoſe 
I fill a ſmall phial with common ſalt, pour upon it a 
ſmall quantity of concentrated oil of vitriol, and re- 
ceive the fumes emitted by it in a veſſel previouſly 


filled wich quickfilver, and ſtanding) in a baſon of 


quickfilver,... in which it appears in the form of a 
perſectiy tranſparent, air, being preciſely, the ſame 


ching with that which, 1 10 before . from' | 


the ſpirit. of falt. 


This, method of procuring, acid. ft is the, mare 


convenient, as a phial, once, prepared in this manner, 
will ſuffice, for common experiments, many weeks; 


eſpecially if a lirle mgre gil of vitriol be occaſionally 


put to it. It only requires a little more heat at the 
laſt, than at the firſt, Indeed, at the firſt, the heat 


of a perſon's hand will often, be ſufficient to make it 
throw out the vapour, In warm. weather it will 
even keep ſmoaking many days without en 1 


cation of any other heat. 


N 1 8. 


On this account it ſhould be placed whe 
are no inſtruments, or any thing of metal, t 
be corroded by this acid vapour. It is from — 


1 4 bought 


ſequent vapour being condenſed. by cold, che 18 


— 
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bought experience that J give this advice. It may 
eaſily be perceived when this phial is throwing out 
this acid vapour, as it always appears, in the 
air, in the form of a light cloud; owing, 1 ſuppoſe, 
to the acid attracting to itſelf, and uniting with, the 
| moiſture der is in the common 1 PTY 


* ; & FR 


as SECTION 11.“ 
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| PZENG vow in th poten new jet of 
ih] | experiments, viz. an elaſtic acid vapour, in the 
= form of a permanent air, eaſily procured, and effectu- 
ally confined by glaſs and quickſilver, with which it 
did not ſeem to have any affinity ; I immediately 
began to introduce a variety of ſubſtances to ir, in 
order to aſcertain its peculiar properties and 
and alſd the Fee 10 _ ue beate An &. 
ſpect to it. N „ i 
Iron filings, being FS to this air, were diſ- 
ſolyed by it pretty faſt; half of the air, — 
and the other half becoming inflammable air, not 
abſorbed 
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abſorbed by vater. Putting chalk to it, fixed air 
was produced, t nn 
I had not aer, eee 
before I diſcovered that by means of it, inflamma- 
ble air was eee cn + . Pad 

Taflemmable air was 3 3 this nokd 
air I put ſpirit of wine, oil of olives, oil of turpen- 
tine, charcoal, phoſphorus, bees-wax, and even ſul- 
phur. This laſt obſervation;. I own, ſurprized me; 
for, the marine acid being reckoned the weakeft of 
the three mineral acids, I did not think that it had 
this ſubſtance; but I found that it had the very 


ſime effect both upon alum and nitre; the vitriolic 


acid in the former caſe, and the nitrous in the latter, 
Hving! place to Or Finn nf“ 
ſalt. erte of a £* + 
| The ruſt Ane 6 orbati_e 
ait made from copper, alſo imbibed chis air very 
faſt, and the little that remained of it was inflam- 
mable air; _—_— Proven! that theſe calces contain 
phlogiſton. * Nen OUTS. A. J Fir i4% Pert 
As ſome — circumſtances attend the 
abſorption of this acid air, by the 9 | 
mentioned, I ſhall briefly mention them. 
Spirit of wine abſords this e ap ennr 
itſelf, and is increaſed in bulk by that means. Alſo, 
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hen it is ſaturated, it diflolves eee 


rapidity, and ſtill continues inflammable. 
Oil of otives abſdrbs this air very ſlowly, and at 
the ſame time, it turns almoſt black, and becomes 
Slutinous. It is alſo leſs miſcible with water, and 
acquires a very diſagreeable ſmell. By continuing 
upon the ſurface of the water, it became white, and 
its offenſive finell went off in a few days. 
Oil of turpentine abſorbed this air very faſt, 
turning brown, and almoſt black. No inflamma- 
ble air was formed, till I raiſed more of the acid 


ait than the oil was able to abſorb,” and let it ſtand 


' a conſiderable time; andi ſtill the air was but weakly 
inflammable. The ſame was the caſe with the oil 


it ſeems to be probable, that, the longer this acid 
air had continued in contact with the oil, the more 
— RUdSom ot e 
Bees war abſorbed this air very ſlowly. About 
the bigneſs of a hazel nut of the wax being put w 


three ounce meaſures of the acid air, the air was 


diminiſhed one half in two days, and, upon the 
admiſſion. of water, half of the EG. 
pr This air was ſtrongly inflammable. 

Charcoal abſorbed this air very faſt. About one 
un: was rendered ret in a 


A ſmall 


=” 00 S W A „ > © 


ol olives, in the laſt-· mentioned experiment; and 


ä a. ke aw 
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A ſmall bit of phoſphorus, perhaps about half 4 
grain, ſmoked, and gave light in the acid air, juſt 
„nee — rpg Ke 
e. in a :thane, e e 6 
mitted to it abſorbed it as before, except about 
one fifth of de wal. ROI inflam- 
mable. 8 wy THAN UN (do 

Punt ſeveral ices of uber ve hs 
hours about ane em of ho dee; had diſs 
| peared; and water being admitted to the remain- 
der, very little more was abſorbed. © The remain- 
der was inflammable, and 1 
flame. 1-206 ain 1 | 
| Notwithſtanding the affinity un acid air 
appears to have with phlogiſton, it did not at firſt 
appear that it was capable of depriving all bodies 
of it. I found that dry wood, cruſts of bread 
raw fleſh, very readily imbibed this air; but did not 
part with any of their phlogiſton” to it. All theſe 
ſubſtances turned very brown; after they had been 
ſome time expoſed to this air; and taſted very 
ſtrongly of the acid when they were taken out; 
but the fleſh, when waſhed in Water, became very | 
white, and the fibres eaſily ſeparated from one an- 


3 - 
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other, even more than they would rer i it 
had been boiled or roaſtet. 
But I after wards obſerved that, bj brings! it more 
time, it will extract phlogiſton from ſubſtances 
from which J at firſt concluded that it was not 
able to do it, as from dry wood, cruſts of bread 
not burned, and dry fleſn. As there was ſomething 
peculiar to itſelf in the proceſs or reſult of each of 
theſe experiments, it may not be 1 en to men- 
tion them Uiſtintly, = 

Pieces of dry cor wood — put to the acid 
ain, a ſimall quantity en not imbibed oh n 
and was inflammable. 0e 

Very dry pieces of ths lai mew to ; thi 
air a day and a night, aſter imbibing a conſiderable 
quantity of it, produced air which was CO 
indeed, but in the lighteſt: degree imaginable. | 
er n in ne of c common 


dir. hi * 4.69 


- apiece Sh, 8 ho avid vapour very 
fowl In a day and a night, however, about half 
an ounce meaſure of permanent air was produced, 
and it was pretty ſtrongly inflammable. The ivory 
was not diſcoloured, but was rendered We 
| ſoft and clammy, taſting very acid. bp 

Pieces of beef, roaſted, and made quite dry, but 
* abſorbed the acid — ſlowly ;- and 


when 


. 
* 


Ser. I. MARINE ACID AIR. + 285 


when it had continued in this ſituation all night, 
from five ounce meaſures of the air, half a meaſure 
was permanent, and pretty«ſtrongly-inflammable. 
This experiment ſucceeded a ſecond time exactly 
in the ſame manner; but when I uſed pieces of 
white dry chicken; fleſh, though I allowed the fame 
time, and in other reſpects the |proceſs\ſeemed to 
go on in the ſame manner, I could not perceive 
that any part of the n.. air was een. 
ble. 

＋ hat inflammable air is en bins 
in acid air, I obſerved before. I afterwards found 
that it may likewiſe be rag from n 
without being charred. 720% 023 Cv 
.  Inflammable air 1 had, WY e to ariſe 
from the expoſure of ſpirit-of wine, and various oily 
ſubſtances, to the vapour of ſpirit of ſalt. I have 
ſince made others of a ſimilar nature, and as pe- 
culiar circumſtances attended ſome of theſe „ e 
ments, I ſhall recite them more at large. 
Eſſential oil of mint abſorbed — 
and preſently became of a deep browm v õur- 
When it was taken out of this air it was of the 
conſiſtence of treacle, and ſunk in water, ſmelling 
differently from what it did before; but ſtill the 
ſinell of the mint was predominant. Very little or 
none of the air was fixed, ſo as to becoine iuſtam- 
mable; 
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| mable; but more time would nn have ou 
duced this effect. . 
Oil of turpentine was alſo ach tet and 


became of a deep brown colour, by being ſaturated 


with acid air. 


Ether abſorbed acid air very faſt, and became firſt 


of a turbid white, and then of a yellow and brown 
colour, In one night a conſiderable quantity of 
permanent air was produced, and it aun, 
inflammable. 

Having, at one time, fully ſaturated a quantity of 
ether with acid air, I admitted bubbles of com- 
mon air to it, through the quickſilver, by which 
it was confined, and obſerved that white fumes were 
made in it, at the Cy mn ers 
conſiderable time. 

At another time, having fully ſaturated a ſmall 
quantity of ether with acid air, and having left 
the phial in which it was contained nearly full of 
the air, and inverted, it was by ſome accident over- 


turned; when, inſtantly, the whole room was filled 


with a viſible: fume, like a white cloud, which had 
very. much the ſmell of ether, bur peculiarly offen- 
ſive, Opening the door and window of the room, 
this light cloud filled à long paſſage, and another 
room. In the mean time the ether was ſeemingly 
mens ou after the ſurface of the 
ye 
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quickſilver in which the experiment had been made 
' was covered with a liquor that taſted very acid; arif- 
ing, probably, from the moiſture in the atmoſphere 
————— è G 
been impregnated. e 

This viſible cloud I undes es ubs 
moiſture in the atmoſphere with the compound of 
the acid air and ether. I have ſince ſaturated other 
quantities of ether with acid air, and found it to be 
exceedingly volatile, and inflammable. Its eahala- 
tion was alſo viſible, but not in nd oo: a dr 
as in the caſe above-mentioned. - — 5 

- Camphor was preſently wad to a Avia! ſtate. 
by imbibing acid air, but there ſeemed to be ſomie- 
thing of a whitiſh ſediment in it. Aſter continuing 
two days in this fituation I admitted water to it; 
immediately upon which the camphor reſumed its 
former ſolid. ſtate, and to appearance wus the very 
ſame ſubſtance that it had been before; but the taſte 
of it was acid, and a very ſmall: * 3 | 
permanent, and ſlightly inflammable. - 

Aa the acid air Gemma os ui Bibb lily edi 
phlogiſton, I expected that the fumes of liver of /ul- 
pbur, which chemiſts agree to be phlogiſtic, would 
have united with it, ſo as to form inflammable air: but 
I was diſappointed in that expectation. This ſubſtance 


imbibed half of the acid air to which it was intro- 
5 duced; 
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duced; one fourth of the remainder, after 
one day in quickſilver, was imbibed by water, 
and what was left extinguiſhed a candle. This ex- 
periment, however, ſeemed to prove that acid air and 
phlogiſton may form a * kind of air that is 
not inſammable. 

I afterwards made another experiment of the ſame 
kind, rather more deciſive than the former. I put 
ſeveral pieces of liver of ſulphur to a quantity of ma- 
rine acid air; when I obſerved that it preſently be- 
gan to be abſorbed, and it continued in that ſtate till 
one-half of the whole had diſappeared. By this time 
the liver of ſulphur, which had been of a greeniſh or 
yellowiſh colour, became white, Afterwards more 
liver of ſulphur abſorbed more of this air; but after 
two days the pieces began to diſſolve, and at length 

they became one liquid maſs, the air ſtill diminiſhing 
very gradually. In this ſtate I admitted water to 
the air; but by this very little more of it was abſorb- 
ed; and that which remained was about one-fourth. 
of the original quantity, and extinguiſhed a candle. 
The whole r was three days, 


SEC- 
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$ECTION 11. 
Miſcellaneous Obſervations relating to marine acid Air. 
B defirous of aſcertaining whether the ma- 

rine acid air would combine with the ſame 
ſubſtances that the marine acid diſſolved, I made the 


trial with the flowers of zincand red lead; and found 
that both theſe ſubſtances abſorbed a very great quan- 


tity of that air. 1 therefore conclude that whether 


the marine acid be combined with water, or not, it 
has the ſame affinity with theſe earthy ſubſtances. 

I found that two grains and a half of rain water ab- 
ſorhed three ounce meaſures of this air, after which 
it was increaſed one third in its bulk, and weighed 
twice as much as before; ſo that this concentrated 
vapour ſeems to be twice as heavy as rain - water. 
Water impregnated with it makes the ſtrongeſt ſpirit 
of ſalt that I have ſeen, diſſolving iron with the 
moſt rapidity. Conſequently, two thirds of the beſt 
ſpirit of falt is nothing more than mere phlegm, or 
water. 

The following experiments are thoſe in which the 
Aronger acids were made uſe of, and therefore they 
may aſſiſt us farther to aſcertain their affinities with 

Vor. II. 9 certain 
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certain ſubſtances, with reſpect to this marĩne acid in 
the form of air. I put a quantity of ſttong concen- 
trated oi! of vitriol to acid air, but it was not at all af- 
fected by it in a day and a night. In order to try 
whether it would not have more power tn a more con- 
denſed ſtate, I compreſſed it with an additional at- 
moſphere ; but upon taking off this preſſure, the 
air expanded again, and appeared to be not at all di- 
miniſhed. I alſo put a quantity of ſtrong /pirit of 
uitre to it without any ſenſible effect. We may con- 
clude, therefore, that the marine acid, in this form 


their union with water. 


Blue vitriol, which is by be ee, ea 


vitriolic acid with copper, turned to a dark green the 
moment it was put to the acid air, which i abſorbed, 
though ſlowly. Two pieces, as big as ſmal}-nuts, 


abſorbed three ounce meaſures of the air in about 


half an hour. The green colour was very ſuperficial; 
for it was eaſily wiped or waſhed off. 

Green copperas turned to a deeper green upon be- 
ing put into this acid air, which it abſorbed ſlowly. 
White _— ion ue air FE: faſt, and re 
diſſolved in it. 

Sal ammoniac, bs he union 1 ſri of cal with 
volatile alkali, was no more affected with this acid 


Was, | 2 
ö When 


of air, is not able to diſlodge en e 5 


air than, as I have obſerved before, common ſalt 


Se. II, © MARINE ACID Ai. 290 


When 1 put a piece of nitre to this air it was 

furrounded with a white fume, which ſoon 
filled the whole veſſel, exactly like the fume which 
burſts from the bubbles of nitrous air, when it is ge- 
nerated by a vigorous fermentation, and ſuch as is 
ſeen when nitrous air is mixed with this acid air, In 
about a minute, the whole quantity of air was ab- 
ſorbed, except a very little, which might be the com- 
mon air that had lodged upon the furface of the ſpirit 
of ſalt within the phial. I have ſince repeated the 
experiment; but the reſult was nothing more than 
might have been predicted; for the nitrous acid, dif- | 
lodged from its baſe by the marine, had diſſolved 
ſome of the quickſilver, and formed nitrous air, oc- 
cupying one-half of the whole ſpace that had been 
filled by the marine acid air. | 

FN 


abſorbed it as faſt as the nitre had done, and 


was reduced by it to che form of a powder. It had 
the ſame effect on borax. Common ſalt, as might 
be expected, erer drums f xp ee | 
acid ar. 

Fine white /ugar abſorbed this tir oy, was 
thoroughly penetrated with it, became of a deep 
brown colour, and r er 1-7/ 
larly pungent. 

A piece of quick-lime being put to about twelve or 
dunn ounce meaſures of this acid air, and continu- 

a | U 2 | ing 
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ing in that ſituation about two days, there remained 
one ounce meaſure of air that was not abſorbed by wa- 
ter, and it was very ſtrongly inflammable, as much ſo 
as a mixture of half inflammable and half common 
air. Very particular care was taken that no com- 
mon air mixed with the acid air in this proceſs. At 
another time, from about half the quantity of acid 
air above mentioned, with much leſs quick- lime, and 
in the ſpace of one day, I got half an ounce. meaſure 
of air that was inflammable in a ſlight degree only. 
This experiment proves that ſome part of the phlo- 
giſton which eſcapes from the fuel, in contact with 
which the lime is burned, adheres to it. But I am 

very far from thinking that the cauſticity of quick- 
lime is at all owing to this circumſtance. | 

The remaining experiments, in which this acid air 
was principally concerned, are of a miſcellaneous na- 
ture. 6 | 

l put a piece of dry ice to a quantity of di acid 
air, taking it with a forceps, which, as well as the 
air itſelf, and the quickſilver by which it had been 
confined, had been expoſed to the open air for 
hour, in a pretty ſtrong froſt. The moment. it 
touched the air it was diſſolved as faſt as it would 
have been by being thrown into a hot fire, and 
the air was preſently imbibed. Putting freſh pieces 
of ice to that which was diſſolved before, they 
were alſo difſolyed immediately, and the water thus 


| | _ procured 
„ . 
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procured did not freeze again, chough it was expoſe 


| 2 whole night, in a very intenſe froſt. 
die in acid air, but not fo quickly 


Flies and ſpiders 


as in nitrous air This ſurprized me very much; as 
I had imagined that nothing could be more fpeedily 


fatal to all animal life than this pure acid vapour. 


Marine acid air extinguiſhes flame, and is much 
heavier than common air; but how much heavier, 
will not be eaſy to aſcertain. A cylindrical glaſs veſ- 
ſel, about three fourths of an inch in diameter, and 
four inches deep, being filled with it, and turned up- 
ſide down, a lighted candle may be let down into it 
more than twenty times before it will burn at the bot- 

tom. It is pleaſing to obſerve the colour of the 


flame in this experiment; for 


both before the candle 


goes out, and alſo when it js firſt lighted again, it 


burns with a beautiful green, or rather light-blue = 


flame, ſuch as n nnn 


into the fire. 


J ſhall conclude my account of theſe experiments 
with obſerving, that the electric ſpark j is viſible in this 
acit air, exactly as it is in common air; and though 
I kept making this ſpark a conſiderable time in a 
quantity of it, I did not perceive that any ſenſible al- 
teration was made in it. A little inflammable air 
was produced, but not more than might have come 
from the two iron nails which I made uſe of in tak- 


ing the ſparks. 


U 3 


At 
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exploſions of a common jar, in a {mall quantity of 


the marine acid air, confined in a glaſs- ſyphon by 


quickſilver, I obſerved that it was a little duminiſhed, 
and that a ſmall part of the inſide of the glaſs, next 
to the quickſilver, was tinged white. Water admit- 
ted to this air abſorbed fo much of it, that no re 


An could Waun on che memninder. ; 
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SECTION I. 
The Hag of the Diſcovery. | 


Had no ſooner exhibited d nde cli in he 
form of air, than it occurred to me that it 
wight be pole to'eithibie the aber acids" d i 
che ſame elegant manner, diveſted of the water with 
which they had hitherto been combined, and which 
muſt neceſſarily have been a great obſtruction to 
the diſcavery of their real natures and affinities ; 
bur not being a practical chemiſt, and hving in the 
country, where I had no acceſs to any perſon of 
that profeſſion (and indeed not being * ſufficiently 
able to explain my wants) I met with many hin- 
drances in the proſecutian' of m Inquities into thi 
ſubject. 


Er tte" knen d ae ob 0 
autriolic acid in the form of air, thinking that it 
8 14 | would 
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would probably be eaſy to confine it by quickſilyer j 
for as-to the nitrous acid, its affinity with quick- 
ſilver is ſo great, that, I deſpaired of being able. to 


confine it to any purpoſe. I therefore wrote to my 
friend Mr. Lane, to procure me a quantity of vola- | 


tile vitriolic acid, which is the common vitriolic 
acid combined with phlogiſton, at the time that 
1 was intent upon the proſecution of my former 
experiments; but by ſome miſtake of my mean- 
ing, a differint thing" from what 1. intended was 
ſent me. 

Seeing Mr. Lane the winter following, he told 
me that if I would only heat any oily or 
matter with oil of vitriol, I ſhould e m 
it the very thing I wanted, viz. the volatile, or ſul- 
phureous vitrivlic acid; and accordingly I meant to 
have proceeded upon this hint, but was PRIN 
from purſuing it, by a yariety of engagements, 
i 
Lird Shelburne at the ſeat of Monſ, Trudaine, at 
Montigny in France; where, with that generous 
and liberal ſpirit by which that nobleman is diſtin- 
guiſhed, he has a complete apparatus of philoſo- 
phical inſtruments, with every other convenience 
and aſſiſtance for purſuing ſuch philoſophical in- 
.quines as. any of his numerous gueſts ſhall chuſe 
to entertain themſclyes with.” In this agreeable ro- 


i 


PA 


wo 1 "Wh 1 . 
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treat 1 met with that eminent philoſopher and 
chemiſt, Monſ. Montigni, Member of the Royal 
Academy of Sciences; and converſing with him 
upon this ſubject, he propoſed our trying to con- 
vert oil of vitriol into vapour, by boiling it with 
a pan of charcoal in a cracked phial. This ſcheme 
not anſwering our purpoſe, he next propoſed our 
heating it together with oil of turpentine. 'Accord- 
ingly we went to work upon it, and ſoon produced 
a quantity of ſome kind of air confined by quick- 
ſilver ; but our recipient being overturned by the 
ſuddenneſs of the production of air, we were not 
able to catch any more than the firſt produce, which 
was little elſe than the common air which had lodg- 
ed on the ſurface of the liquor, and which appeared 
to be a little phlogiſticated, by its nor being muck 
affected by a mixture of nitrous air, Ws 

Having no opportunity of repeating 1 
ment at chat time, 1 did nothing with with a view to it 
till my return to England; when, on the 26th of 
November, 1774, I reſumed the operation, begin- 
ning with olive oil, and by the help of a more con- 
venient kind of glaſs veſſel, repreſented fig · a, Pl. IV. 
which I had procured for theſe and other ſimilar 
Fa- eee 
ſecution of the experiments. ; 

As I wiſh that my reader may enjoy the benefit 
of my experience, I would caution him, if he chuſe 

| to 
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to repeat the not to put too much oil, 
or any other ſimilar ſubſtance, to the ail; of yitriol, 
in order to produce this air. 1 began with uſing 
about one fifth part of common oil, leaving ſpace 
enough, as I thought, in the phial, for the ebullition 
that might be occaſioned by the production of air, 
But, as ſoon as the veſſel was heated to a certain 
degree, the production of air was exceedingly rapid; 
and though I withdrew the candle which J had ap- 
plied to it for that purpoſe, the ebullition continued 
to increaſe, till, the capacity of the tube not being 
ſufficient for the tranſmiſſion. of the generated air, 
e 
contents of it exploded. 


Afr this. 1 only. dichuy covered the ſpirit. af 


vitriol in the phial, wich olive./oil, and then the 


phenomena were ſimilar to thoſe in the ſormer ex- 


were managcable, for, by applying or withdraw- 
ing the candle, as I ſaw occaſion, I got what quan- 
pd Gu er retreat ont 
this ſtate of ebullition, from one veſſel to another, 
1 filled ſeveral of them with this new ſpecies of air, 


acid air; and the whole proces was as pleaſing 
and as elegant. Indeed, this manner of producing 
air from ſubſtances contained in {mall phials, and 
receiving the produce in TI when it is of 

ſuch 


at the ſame time that the proceſs was 


ascalily as I had been uſed to do it with the marine . 


— 
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ſuch a nature that it cannot be conſined by water, 
has never failed to Briks ouary: 8 nn 
have ſhewed itt. 

The ane thee Gn e wud 
ſume the form of air by the addition of phlogiſtod, 
I concluded that che marine acid alſo muſt have 
been capable of being . exhibited in the ſame man- 
ner, by means of the phlogiſton which it” natutally 
contains, and which is inſeparable from it; ani. 
moreover, that, probably, ſome portion of phio- 
giſton may be neceſſary to the volatility and elaſti- 
city of all ſubſtances whatever; ſo that the marine 
acid air may not be preciſely what” I had hefore 
imagined, viz. the pure marine acid in the form of 
air; but that, though it is by this means exhibited 
free from water, which, in a variety of reſpects, 
modifies and reſtrains its action upon various bodies, 
it is ſtill combined with a portion of phlogiſton. 
Since, however, all the bodies with which we are 
acquainted are, in ſome degree; elaſtic, being cap- 
able, at leaſt, of being condenſed by cold, and 
dilated by heat, it may not be poſſible to ſeparate 
this principle intirely from any ſubſtance in nature; 
and therefore, in a ſenſe ſufficiently near the truth, 

it may till be ſaid that the marine acid air is nothing 
but the marine acid ; the phlogiſton it contains be- 
ing ſo ſmall, as not to be diſcoverable by any of 
the uſual teſts of its preſence. 


Before 
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. Before any air is produced from the mixture of 
inflammable matter and oil of vitriol, the whole 
quantity becomes very black; and a quantity of 
this ſpirit, thus impregnated. with phlogiſton, will 


| yield many times more air than an equal quantity 


.of the ſtrongeſt „ e eee 
ſured it with any exactneſs. 

When the vitriolic acid air is produced in Sen 
plenty, the top of the phial in which it is generated 
is generally filled with white vapours. This air 


has alſo the ſame. appearance as it is tranſmitted 


.through the glaſs tube, and it is . diſ- 


Foverable | in the recipient, 
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SECTION aber 


Of Vitriolic Acid Air from Metals, and other dull 
containing Pbuiten. Reg 


I eee rm thei of rigid fair e, 
tion of heat. But in attempting to procure it, I 


got it by means of mercury, in a manner that I little 


expected, and I paid pretty dearly for the diſcovery it 
occaſioned. Deſpairing to get any air from the longer 
application of my candles, I withdre them; but 
before I could diſengage the phial from the veſſel - 
of quickſilver, a little of it paſſed through the tube 
into the hot acid; when, inſtantly, it was all filled 
with denſe white fumes, a prodigious quantity of air 
was generated, the tube through which it was tranſ-- 
' mitted was broken into many pieces (I ſuppoſe by 
the heat that was ſuddenly produced): and part of the 
hot acid being ſpilled upon my hand, burned it ter- 
ribly, ſo that the effect of it is viſible to this day. 
The inſide of the phial was coated with a white 
faline, ſubſtance, and rep ee e it 
was extremely ſuffocating. 
This accident taught me what 1 am ſurprized 1 
. not have Ps before, viz, that ſome 
t 5 ma 
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metals will part with their phlogiſton to hot oil of 


vitriol, and thereby convert it into a permanent elaſ- 
tic air, producing the very ſame effect with oil, 
charcoal, or any other inflammable ſubſtance. | 


Not diſcouraged by the diſagreeable Set 
above - mentioned, the next day I put a little quick- 


ſilver into the phial with the ground ſtopper and 
tube, along with the oil of vitriol; when, long be- 


fore it was boiling hot, air iſſued plentifully from it; 
and being received in a veſſel of quickſilver, appear- 
ed to be genuine vitriolic acid air, exactly like that 
which I had procured before; being readily imbib- 
ed by water, and extinguiſhing a candle in the fame 
manner as the other had done. A white ſalt was 
formed but what I thought a little remarkable, was, 
that, whereas in all the former experiments the oil 


of vitriol turned black before it yielded any air; 
this was not the caſe here; for it continued colour- 


leſs and tranſparent during the whole proceſs. 
+ After this 1 repeated the experiment with ſeveral 


other metals; but with a eee ee | 


eum. 

Putting pieces of i iron. s de oi of vitriol, 
a very ſmall quantity of air was produced without 
heat; but this ſoon ceaſing, I applied the candle, 


when, with a degree of heat, ſeemingly greater than 


that at which the air had riſen from the quickſilver 
ods mma eee 


5 | plenty. 
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plenty. When I had got about three ounce mea 
ſures of it, I admitted water to it, and about four! 


fifths of the whole was preſently abſorbed. The 
remainder was inflammable, burning very red. 


Had the oil of vitriol been more concentrated, 


or had I continued the proceſs. longer, a greater pro- 
portion of the air would probably have been acid, 
and leſs of it inflammable. In this experiment the 
oil of vitriol became very opaque, being of a deep 
grey colour. The iron which had undergone this 
proceſs, and which I had laid aſide without: any ex- 
pectation, was, in a few days, covered with a whitiſh 
duſt; and after it had been wiped clean, was cover- 
ed again with the ſame matter. It is very much 
unlike the ruſting of iron in other eitcumſtances. 
"About one third of the produce of air from zine, 
was acid, and the remainder inflammable. Indeed it 
vas evident that the acid had a conſiderable" effect 
upon the zinc before the application of the candle; _ 
ſmall bubbles of air continually riſing from it. The 
oil of vitriol, which had been uſed in this proceſs) 
after a long time, depoſiged a white matter, . 8678 | 
ſuppoſe to be the flowers of zinc. rr Route” 
Copper, treated in the fame manner, Fielded- the 
very freely, with about the fame degree of heat that 
quickſilver had required, and the air continued tobe 
generated with very little application of more hear: 
The whole produce was vitriolic acid air, and a 
. 4 part 
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part of it inflammable. The oil of vitriol remained. 


a longtime turbid, but es iro 


in matter. 


The ſolution e e e ee 6 


the very ſame reſult, all the air being acid, and no 
part of it inflammable. ag al rerun e 
kind of orange-colour, and depoſited nothing. 

With a very great degree of heat lead yielded a 


Little air; which was wholly acid, 1 ; 


flammable in it. 
Sold yielded no air at all in this treatment ; but 


the oil of vitriol acquired the ſame orange - colour 


that it had when the ſilver had been heated in it. 
Neither had this treatment of platina any, ſenſible. 
effect. What I made uſe of was ſome which I had. 
been favoured with from Dr. Irving, carefully PE 
ed from iron. 


the ſubſtances immediately upon the application of 
heat, and ſometimes without it: and this firſt pro- 
duce of ait forms bubbles, which continue ſome 
time on the furface of the liquor. But it ſeems 
to be nothing more than the common air which had 
adhered to the. ſurfaces of thoſe ſubſtances, or had 
been confined in the little cavities near the ſurface, 
when they happened to be rough. For this ſeem- 
ing production of air. ſoon. ceaſes, and no more is 


n without a much ſoar degree of heat; 
and 


. 


In moſt of theſe proceſſes, air ſeems to iſſue. Gor 
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and yhen the genuine acid air begins to riſe, bubbles 
formed. by it break: inſtantly, like bubbles of air in 
ſpirit of wine, and there is. nothing like froth on the 
ſurſuce of che oil of vitriol. 2 

As ſulphur is formed by the union of ohlogiſton 
wi al of vjtriol highly concentrated and- very hot, 

1 imagined, chat by heating ſubſtances containing 

Phlogiſton in vitriolic acid air, I; could not fail to 
to produce fylphur; but I tried charcoal in this 
manner without the effect that I had expected from 
it The heat of a burning lens thrown upon it in 
this acid air, only made i it throw out that quantity of 
the air, which, as I have obſerved before, i is condenſ- 
_ ed upon its ſurface; or imbibed by it. The air chat 
was unabſorbed after this operation was in part 
fixed, and in part ne, having come * 
che charcoal, 

When I endeavoured to procure this air by - 
fame proceſs, from ether, about one half of the pro- 
duce was permanent and inflammable. The oil of 
vitriol became perfectly black by this means, as in 
heating other phlogiſtic matters in it. Afterwards, 
heating the ſame oil of vitriol and ether, about one 
fourth of the produce only inflammable ; and 
had I continued to uſe the ſame mixture, the pro- 
duce would probably have been leſs and leſs ” 


mable, and more purely acid, every experiment. 
Vor II. X 1 once 5 
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I once had a quantity of concentrated acid of 
vinegar, from which J expelled air by heat, and 
found it very much, if not in all reſpects to reſem- 
ble vitriolic acid air, and being informed that oil of 
vitriol was uſedin the Preparation of it, I imagine that 
it was vitriolic acid air only, eſpecially as I have not 
found any other vegetable acid liquor that will 
yield air; at leaſt in a quantity ſufficient for any 
experiments. I tried radical vinegar of the cryſtals of 
verdegris reftified, which was recommended to me, 
and made for me, by Mr. Woulfe, and alſo concen- 
trated acid made from /al diureticus, by Mr. Godfrey; 
but neither of theſe acid liquors, though the ſmell of 
them was penny pungenty yielded any air by 

heat. 
The common air expelled from the phial by the 
ſteam of this vinegar, mixed with whatever acid va- 


pour might come over along with it, I examined, 
after letting it reſt upon quickſilver a whole night, 


and I found it not to differ from common air. 


When, however, I tried this experiment with air 


chat had lodged on the ſurface of oil of vitriol, into 
which J had put ſome /al diureticus, and which 
did yield a little air, the common air did appear 
to be injured by the mixture, as in the ex- 
periment of the mixture of common and vegetable 
acid air. But then. oil of vitriol being employed in 

| this 
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chis experiment, as well as in the preparation of the 
concentrated vinegar above- mentioned, it is liable to 
the ſame objection; the acid of vitriol being, per- 
haps, volatilized by ſome ſmall portion of phlo- 


SECTION, 11. 
90 Water impregnated with 2 Arid * i 


ATER being admitted to the vitriolic acid 

air abſorbed it about as readily as the ma · 
nne acid air; and by its union with it muſt have 
formed the volatile or ſulphureous acid of vitriol. 
Indeed the reſult of this combination was ſo obvi- 
ous, that I did not think * ne Bo 
experiment. 

Len eee e the very great 
difference between the common vitriolic acid, and 
water fully impregnated with the vitriolic acid air, 
To judge 4 priori, from the analogy of other acids, 
one would imagine that there could be no great dif- 
11 ference 
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etweer chem. Water impregnated with 
marine acid air is, im all reſpects, the very ſame 
thing with the common ite of falt, except that 
this acid may be made conſiderably ſtronger i in this 
manner than any ſpirit of ſalt made in the common 
way, and that it has generally leſs colour. Alſo 
water impregnated with nitrous acid vapour is the 
ſame thing with common ſpirit of nitre, except that 
the acid thus communicated is more volatile, and the 
colour is changed. But water impregnated with 
vitriolic acid air differs moſt remarkably from oil of 
Vitriol. Its acidity' is now becotne*trifling to what 
it was; and from being the moſt fixed, and the 
ſtrongeſt, it is now become the weakeſt; and the 
moſt volatile of all acids; the ſmell of it being in- 
tolerably pungenit, and almoſt the whole of it eva. 
porating when it is expoſed"ts the oper. 
This great difference ſeems, however, to be 
wholly oecliched by che phlögiſton fuperadded to 
the vitrione acid. This principle united to the acid 
In a manner Rettralizes it, forniitig # kind of fil. 
E in which the acidity i is, in a meafure 
To the phlogpſton, alfo, Wit has now 
acquired is owing its extreme — to both 
_ which! properties phlogiftin is known in othier cafes 
to contribute. The different wrianrier in which the 
vittiolic and nitrous acids combine W 
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and the various reſults from theſe combinations, 
may furniſh, much matter for ſpeculation and expe- 
rimental inquiry, for hic we nom m to be ex- 
cellently well prepared. 


For a long time 1 hcicknded 1hatatugrr: impetia- 


nated with vitriolic acid air was: intirely incapable 
of diſſolving any metal, ſo as to yield inflammable 
air; but at length I ſuoceeded in this experiment; 
which convinced me that the acid is not eſſentially 
altered in this proceſs. E or having completely ſa- 
turated a quantity of water with vitriolic acid air, I 
let it continue upon the quickſilver in which the 


proceſs had been made, with a conſiderable quantity - 


of ſuperabundant acid air upon it, for about ten 
days; both to produce a complete ſaturation, and 
likewiſe to make, if poſſible, a more perſect com- 
bination of the acid with, the water. Then, de- 
canting it a5 gently as poſſible, and leaving it in a 
phial with a ſmall perforation in the cork, that the 
more volatile part might eſcape gradually, I poured 
a quantity of the remainder upon ſome filing of 
zinc; upon which, with the application of heat, a 
conſiderable quantity Wa. en nne 
was all ſtrongly inflammable. 
The quantity of acid in water impregnated wick 
vitriolie acid air, may, in ſome, meaſure, be com- 
pared. with the quantity of acid in the oil of vitriol 
7 3 from 


1 
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from which it is expelled, by the method which I 1 
made uſe of in the following experiment. I put to 
a quantity of oil of vitriol rather more copper than 
it could diſſolve; and obſerved that air was expelled 

till nothing fluid remained in the phial, and by this 
time the volatile acid which it had yielded had com- 
pletely ſaturated eight or ten times its bulk of water, 

The reſiduum was blue vitriol, containing the 
crude oil of vitriol united to the copper. 4 

Now if the quantity of this oil of vitriol be eſti- 
mated, and this experiment be repeated with a little 
more care, the exact proportion of acid in the oil 

of vitriol, and in water fully impregnated with vi- 
triolic acid air, may be determined. When the 
ſalt above mentioned was waſhed in water, a blackiſh 

-matter was ſeparated from it ; but all the reſt was 

pure vitriol, of a light green colour, but which 

E white, or grey, when it was dried by the 
fire. 0 

29K ho gutter degree of acidity 1 in water impreg- 
"nated with marine acid air, and its greater power 

of diſſolving metals, ſo as to produce inflammable 

air, will not be wondered at, when it is conſidered 
how much more marine acid air, than of vitriolic 
acid air, the ſame quantity of water will imbibe. In 

- order to aſcertain this, I took two ſmall glaſs tubes, 

caſed at one end, and put into * of them, as 
| . nearly 


e 
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nearly as poſſible, two grains of rain water, out of 
which the air had been pumped ; nearly filling 
them, but ſo that there might be room enough for 
the water to expand with the vapour they might 
imbibe, and then introduced them into jars filled 
with each of the kinds of air, ſtanding in quickſilver. 
I then obſerved that the water in the marine acid 
air imbibed it very faſt, and diminiſhed the bulk of 
it, in all, one ounce meaſure and three quarters, 
whereas the water in the vitriolic acid air imbibed it 
very ſlowly, and, in all, not more than occupied 
the ſpace of three pennyweighits and ſixteen grains of 
water; ſo that water imbibes about ten -times as 
much marine acid air, as of vitriolic acid air, 

The water ſaturated with marine acid air at this 
time was, as far as I could perceive, quite colour- 
leſs, and it was ſo ſtrongly impregnated, that the 
warmth of my hand only made it abſolutely boil by 
the emiſſion of its air, and it ſmoked copioully, 
| Conſidering the much greater quantity of marine 
acid air, than of vitriolic acid air, that-a- quantity 
of water will take up, I was rather ſurprized to find 
that when water was ſaturated with the latter, it 
could not be made to imbibe a greater quantity of 
the former than I perceived it to do; though I was 
not ſurprized to find that when water was fully im- 
pregnated with the former, it ſhould take but a little 
more of the latter, in the following experiments, 


X 4 Putting 


* 
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Putting vitriolic acid air to water * faturated 
with marine acid air, it imbibed but little, and that 
very ſlowly ; in all, about four times its bulk, It 


was obſervable, however, that the vitriolic acid air 


intirely diſcharged the ſtraw colour of the marine 

acid, and gave it a blueiſh tinge. 
Having ſaturated a quantity of water with vitriolic 
— air, it would not afterwards take marine acid 
r, except in' a ſmall quantity, and very ſlowly, 


. B. The bubbles of marine acid air, which burſt 
in the ſuperabundant vitriolic acid air, which lodged 
on the ſurface of the water, emitted a white fume, 


It is remarkable that water impregnated with vi- 
triolic acid air retains all its air when it is frozen, 
though every other kind of air (if the liquor containing 


it can be frozen at all) is ſeparated from it in the act 
of freezing. I have now farther obſerved, that this 


ice ſinks in the liquor from which it is frozen, in 
which it reſembles the ice of oil. This is a fact 
which I barely mention, without biving any theory 


#0 account for 1 it. 


'SE C- 
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SECTION W. 

Vunus Pripertie) of vitridlic Acid Air. 

l. Vitriolic Hed fir and marine Arid Arr compared, 
A 1TRIOLIC acid air is equilly rranſparent 


A with marine acid air, and ſeems to have no 
more affinity with quſekſilver; for when confined 
by quick ſilver,” the dimenſions of it are not liable 
to any variation, excepting by heat and cold, juſt 
like common air; provided there be no moiſture 
in the recipient,” or in the quickſilver. As the re- 
ſemblance between theſs two acid airs was ſo great, 
it was natural for me to have à view to the eu- 
periments I had made with the marine acid air, 
in conducting thoſe that relate to the vitridlic acid, 
which the reader will eaſily perceive, 4 

Like the marine acid air, this vitriolic acid air 


5 extinguiſhes a candle, but without any peculiar ap- 
pearance in the colour of the flame, as it goes out, 


or as it is lighted again, which is obſervable when 
the experiment is made with the marine acid air. 
Vitriolic acid air is alſo heavier than common air; 
for a candle being let down into a veſſel filled with 
it, 
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it, was extinguiſhed many times ſucceſſively, and 
even after it had ſtood a full hour with 1 its mouth 
expoſed to the common air. 

This acid air bears to be expoſed to cold, with. 
out any greater diminution of its bulk than com- 
mon air is ſubject to in the ſame circumſtances ; 
which appears to me to be a ſufficiently proper 
criterion to diſtinguiſh air from vapour. In a cer- 
tain degree of heat, indeed, even water may be 
exhibited in the form of air; but it is a degree of 
heat that, far exceeds what is uſual in our atmoſ- 
phere; and in other caſes tggms are applied to very 
great uſe, for the diſtinction of bodies, which, if 
examined with ſtrictneſs, would be found ultimately 
to run into one another, the difference between 
them being in degree rather than in kind: but a very 
great difference in degree affords a ſufficient foun- 
Hafan for a difference in d appellation. | 
le 039: 
| my Nr Mixer of vitriolic Arid Air and Alkaline 
Air. 


The phenomena which attend the W of 
alkaline air with the marine acid air, were ſo ſtrik- 
ing, that I had not been many hours in poſſeſſion 

of the vitriolic acid air without trying whether the 
effect of the ſame mixture with this acid air would 
not make a ſimilar appearance, and the experiment 

"$ ba 
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fully anſwered my expectations. A like beautiful 
white cloud "as formed the moment that theſe 
two kinds of air came into contact, the quantity | 
of air was diminiſhed as faſt as the alkaline air was 
admitted, and the quickſilver roſe almoſt to the = 
of the receiver, 
I obſerved alſo, that when I put the alkaline air 
to the vitriolic acid air, the white cloud roſe im- 
mediately to the top of che veſſel, as in the experi- 
ment with the marine acid air; which proves that 
the alkaline air is, in both caſes, the lighter of the 
two. In both caſes alſo, if the alkaline air be pro- 
duced firſt, the acid air being admitted to it, forms 
a cloud which reſts upon the quickſilver ; never 
extending beyond a very ſmall ſpace, and riſing 
only as the quickſilver riſes. The ſubſtance that 
is formed by the union of the alkaline air with the 
vitriolic acid air, muſt neceffatily be the vitriolic 
Jal ammoniac ; but I made no experiment to aſcer- 
tain it. The quantity of this ſalt with which my 
receivers are coated in theſe experiments is readily 
diſſolved in water, as in the experiments with the 
marine acid air. This, however, it will be ſeen, 
is not the caſe with the ſalt that is formed * 
other of the acid airs with alkaline air. 
There was frequently, however, the appearance 
of ſulphur produced upon the mixture of alkaline 
air with vitriolic acid air; for the inſide of the tube 
would 
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would be edvered with a perfectly yellow matter. 
But this colour goes off in time, and nothing but 
à white ſaline ſubſtance temains. ' This yellow ap- 
pearance I firſt obſerved when I had produeed the 
vitriolic acid air from ether; but afterwards I ſound 
the ſame effect when it was produced from char- 
coal, and ſtill more remarkably when it had been 
produced from copper. Why this yellow colour 
ſhould not be permanent, I do not underſtand. 
Being willing to try whether, by making repeat - 
ed mixtures of theſe two kinds of air, I could not 
fix this colour, and collect a quantity of the ſub- 
ſtance in which it inheres, I filled the ſame jar al- 
ternately with each of theſe kinds of air, till alb the 
inſide of the veſſel ſeemed to have got a good 
Coating of this ſubſtance. But, being expoſed: to 
che open air, the "colour" in this caſe alſo ſoon dif- 
appeared, and the ſaline ſubſtance with which all 
the inſide of the tube was 1 be. 


came perfectly white. 


238 viride Arid fir miced with ther Kinds . 


The mixture of other kinds of Air wick vitriolie 
acid air produced no remarkable appearance what- 
"ever, When, however, I had put a quantity of 
this acid air to a quantity of common air, in order 
to obſerve whether the former might not part with 


ſome 


| 
: 
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ſome of its phlogiſton to the latter, though I per- 
ceived no immediate diminution of the bulk of air, 
as in the mixture of nitrous and common air; 
yet when they had continued together two days, 
and water being admitted to the mixture had ab- 
ſorbed the acid air, the common air whicli remain 
ed appeared, by the teſt of nitrous air, to be con- 
ſiderably injured; ſo that the phlogiſton in the 
vitriolic acid air muſt have united to ſome part 
of the pure air contained in the common air, which 
is an effect that is not produced by the marine acid 
air when mixed with common air. In reality, the 
vittiolic acid air muſt have attracted dephlogiſticated 
ait, from the atmoſphere, and have thereby formed 
che common vitriolic acid. What effect the vitri- 
ohe acid air would have had upon other kinds 
of air, had they continued together a x longer time, 
! cannot 9 eee 
1 quantity of this acid air mixed wit infant 
mable ait ſtood fome- hours; but when pyaten had 
been admitted to them; 1 could not perceive either 
that the quantity of inflammable air was altered, 
or that its inflarnmability was in the leaſt impaired. 
once put equal quantities of marine and vitri- 
ole acid air into the ſame receiver, and obſerved 
chat they mixed without exhibiting any appearance 
whatever ; and when alkaline air was admitted to 
them, the appearance was the fame as if it had 
been admitted to either of them ſingly, the white 
4 cloud 


318 OBSERVATIONS ON Part II. 
cloud riſing inſtantly to the top of the veſſel. Had 


I, after the experiment, examined the /alts which 


adhered to different parts of the inſide of the veſſel, 
I might perhaps have diſcovered which of the two 
acid airs was ſpecifically lighter than the other; 
but I ſuſpect that they were intimately mixed, and 
therefore that the falt was a mixture of the com- 
mon and the vitriolic fal ammoniac. 


4. Subſtances containing Phlogiſton expoſed to vim 
Acid Air. 


I thought it rather extraordinary, that whereas 
the marine- acid, which is reckoned the weakeſt of 
all the three mineral acids, ſhould, when exhibited 
in the form of air, be able to diſlodge both the 


vitriolic and the nitrous acids from ſeyeral of their 


baſes ; yet that this vitriolic acid, which is reckoned 
the ſtrongeſt of the three, when ſeemingly exhibited 
to equal advantage, by being diveſted of the water 
with which it is uſually combined, ſhould not, in 
any inſtance in which I made the experiment, diſ- 
lodge either of the other acids from any baſis with 
which they were united. Mitre, common /alt, and 
ſal ammoniac, were all introduced to this air, with- 
out either affecting it, or being affected by it. 
Oils imbibe vitriolic acid air, and pretty rapidly, 
in proportion to their tenuity ; though they can- 


not be made to imbibe ſo much of 1 it as water 
1 | can 
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can. Being willing to ſee the utmoſt effect of the 
impregnation of ſeveral kinds of oil with this acid 
air, I took about equal quantities of oil of turpen= - 
tine, olive oil, and whale oil, and gave each of them 
an opportunity of being fully ſaturated ; having 
kept them conſtantly ſupplied with freſh air, when 
they had imbibed a former quantity, and frequently 
_ diſcharging that part of the air which they could 
not imbibe, and beginning the proceſs a ne vp. 

Both the whale oil and the olive-oil imbibed 
this air very ſlowly, being ſeveral hours in taking 
their bulk of it; but whereas the firſt effect of the 
impregnation of the whale- oil was imparting to it a 
reddiſh colour, the olive- oil became quite colour - 
leſs. In all, chey both imbibed ſix or — 
their bulk of this air. 6 
In this manner they continued in gas jar con- 

fined by quickſilver about a month, hen I obſerved 
that the oil of turpentine was become of a beautiful 
amber colour, the olive-oil was darker, and the 
whale-oil darker ftill; and they all ſmelled extreme- 
ly pungent, by the eſcape of the acid air from them. 
Their tenacity was not ſeemingly increaſed. . 

Vitriolic ether imbibes vitriolic acid air as readily 
as water imbibes it. The ether, however, was ſoon 
faturated with it, and afterwards was, to all appear- 
ance, both as tranſparent, and as inflammable as be- 


fore, ; 
A piece 


Parr II. 

A piece of phoſphori remained a day and two 
nights in vitriolic acid air, without, ſenſibly 
it. It gave no light in this air; but the upper for 
face of it turned black; and the ſurface of the quick- 
filver on which it lay, had a deep yellow or blackiſh 
kind of ſcum upon it, as if it n ren 
folved by the acid. | 

A piece of iuer of fulpbur;, + in ew days, abſorbed 
ts whole of a quantity of this kind of air, without 
ſenſibly affecting the ale or Appoarange .of che 
n of fülphur. 

Chbarcual, which ddrum e air, * being 
introduced to marine acid air, only abſorbs the vi- 
triolic acid air; which, however, it does pretty ra- 
pidly; and acquires a pungent ſmell from being ex- 
poſed to it, without producing any other effect that 
IJ could perceive. I made ſeveral pieces of char- 
coal imbibe as much of this acid air as they could; 
but, aſter this, freſh. pieces abſorbed; the remainder, 
fo that the air had only been, as it were, condenſed 
on its ſurface, This I have obſęrved to be the caſe 
with alkaline air, ant in ſome experiments with other 
kinds of air which cannot be confined but by quick- 
filver; and I da not clearly underſtand it. The 
charcoal, in this experiment, was made very dry, 
or it might have been ſuſpected that the moiſture ad- 
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Vitriolic acid air diſſolved campbor pretty readily, 
and reduced it to a tranſparent liquor. Water 
being admitted to it, the camphor re- aſſumed its na- 
tural ſolid form, but framed to have een an aci- 
dity in its taſte 

Tron is readily diſſolved in marine acid air, but it is 
| not at all affected by the vitriolic acid air; though, 
when combined with water, it is ſo powerful a men- 
ſtruum for iron. But this, indeed, is the leſs extra- 
ordinary, as this acid ceaſes to affect iron when it is 
ſtrongly concentrated. I kept a number of iron 
nails in vitriolic acid air two days, without any ſen- 
ſible effect either upon the air, or the nails. There 
was no 'appearance of der being in the leaſt cor- 
roded. 

I hw Send n very renmackeble eff ile 
link ur n alen rendering it white and opake, as 
if it had been calcined, but without altering its figure. 
The ſame, to appearance, is the effect of vitriolic 
acid air upon borar. This ſubſtance abſorbed a 
pretty large quantity of this air in two days. 
What remained of the air extinguiſnhed à candle. 
But this effect was probably owing to a ſmall pro- 
portion of fixed air that was produced at the 
ſame time with the vitriolic acid air. I repeated 
| this experiment with borax, and let the proceſs con- 
tinue three days, hen the effect was preciſely 'the 
- ſame as before, the borax retaining its form, but be- 
Vou II. Y ing 
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ing rendered white and opake. The acid air had, 
no doubt, ſeized upon the water which enters into its 


| ſpect to alkaline air and alum. | 

As it is well known that the common vitriolie 
acid is changed into volatile or ſulphureous acid of 
vitriol by fumes of charcoal, if the veſſel in which it 
is heated has a crack in it, through which the fumes 
can have acceſs to the acid, I had the curioſity to try 
whether the ſame effect would not be produced by 
heating the charcoal in the acid. Accordingly I put 
ſome bits. of charcoal into ray plual, inftead of the 
oil; or other inflammable matter, which I had uſed 
before; and, applying the flame of a candle, 1 pre- 
ſently found that the vitriolic acid air was produced 
as well as in the former proceſs, and in ſeveral re- 
ſpects more conveniently, the production of air be- 
ing more equable.;. whereby tes effect 
of a ſudden exploſion is avoided... 2 

It is neceſſary, however, that the cluoniid be very 


well burned; ſo. that all air be expelled: from it; 


otherwiſe, there will be a mixture of fixed or in- 
flammable air along with the acid air, efpecially 
when a conſiderable degree of heat is applied to 
produce the air. Having often got vitriolic acid 


air from charcoal on account of the eaſy and equa- 


ble production of it in this manner, I ſeveral times 
obſerved that there was a conſiderable reſiduum aftes 


. compoſition, as eee e | 
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it had been expoſed to water: and once 1 found 
that the reſiduum made lime - water turbid; a ſure 
ſign of its containing fixed Air. 


SECTION v. 


0 ahi oy 2 oor * e e. Ard Av. 


NE of the moſt Nec obſervations that 

1 have made on vitriolic facid air was, 
that when the electric ſpark is taken in it, the inſide 
of the glaſs tube in which it is confined is covered 
with a blackiſh ſabſtance ; fo that the infide of the 
glaſs through which the exploſion paſſed was uni- 
formly covered with a blackiſh matter, and no- 
thing could be ſeen through it, and the air ſeemed 
to be rather increaſed than diminiſhed, Water be- 
ing admitted to it, left ſo little of it unabſorbed, that 
it could not be examined. Part of the er 
matter was waſhed off by the water. ; 

I have fince given more attention to this curious 
circumſtance, and have been happy enough to aſcer- 
Y 2 tain 
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tain ſeveral things of conſiderable. importance re- 
lating to it, though they are not ſufficient ſor a com · 
plete theory of it. 

My firſt wiſh was to collect a quantity of this 
matter, enough for a chemical examination of it ; 
and for this purpoſe I applied to my friend Mr, 
Vaughan, who favoured me with his aſſiſtance, 


and the uſe of his large machine, made by Mr. 


Nairne, on the ſame plan with what which was 
made for the Grand Duke of Tuſcany, deſcribe 
in the Philoſophical Tranſactions. But though 
ue gave a good deal of time to this buſineſs, 
we did not get a quantity ſufficient for my . 
poſe. 

I ſaw reaſon, however, to en that the 
whole of the vitriolic acid air is convertible into this 


black matter, but not by means of any union which 


it forms with the electric fluid; but as it ſhould 
ſeem, in conſequence of the concuion given to it by 
the exploſion ; and that, if it be the calx of the me- 
tal which ſupplied the phlogiſton, it is not to be. 
diſtinguiſhed from: what meral, or indeed from what 


| ſubſtance, of any other kind, the air had been ex- 


trated. Theſe particulars will be ſufficiently 
evinced in the following experiments. 

I made 120 exploſions of a common jar in about 

a quarter of an ounce meaſure of vitriolic acid air 

| from 
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from copper; by which I found that the bulk of ic 
was diminiſhed about one third, and the remainder 
was ſeemingly not changed, being all abſorbed by 
water. In the courſe of this proceſs the air was 
carefully transferred three times from one veſſel to 
another; and the laſt veſſel in which the exploſions 
were made in it was, to all appearance, as black as 
the firſt; ſo that this air ſeems to be all convertible 
into this black matter, whatever it be. 3 
Thinking this diminution of the vitriolic acid air 
might poſſibly ariſe from its abſorption by the ce- 
ment, with which the glaſs tubes employed in the 
laſt experiment were cloſed, I repeated it, with the 
variation only of getting the air from quickſilver, in 
a glaſs ſyphon, confined by quickſilver; and obſerv- 
ed that it was diminiſhed, by the ſame number of 
exploſions, in about the ſame proportion as before. 
That this matter comes from the yitriolic acid air 
and not from any combination of the electric 
matter with it, will, I think, appear from the fol- 
lowing experiment. [ took the ſimple electric 
ſpark from a prime conductor of a moderate ſize, 
for the ſpace of five minutes, without interruption, 
in a quantity of vitriolic acid air, without producing 
any change in the inſide of the glaſs ; when, imme 
diately after, making in it only two exploſions of a 
common jar, each of which might be produced in 
leſs than a quarter of a minute, with the fame ma- 
9 chine, 
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chine, in the ſame ſtate, the whole of the inſide of 
the tube was completely covered with a black mat- 
ter. Now, had the electric matter formed any uni- 
on with the air, and this black matter had been the 
reſult of that- combination, all the difference 'that 
could have ariſen from the ſimple ſpart, or the ex- 
Pigſion, could only have been a more gradual, or 4 
more ſuaden formation of that matte. 

Had I uſed tubes ſmall enough; or a prime con- 
ductor large enough, I ſhould, no doubt, have pro- 
duced this blackneſs with the ſparks only. On the 
other hand, when F had filled a large phial, about 
an inch and a half wide, with this air, I found that 
even the exploſion of a very large jar, containing 
more than two feet of coated ſurface, had no effect 
upon it; from which it ſhould ſeem that, in theſe 
caſes, the force of the ſhock was not able to give 
the whole quantity of air ſuch a concuſſion as was 
neceſſary to decompoſe any part of jt. 

At one time I had little doubt, but that the mat- 
ter formed by theſe exploſions in vitriolic . acid air 

would be different, according to the calx of the 
metal, or other ſubſtance which had. ſupplied the 
phlogiſton of it; imagining that, together with 
phlogiſton, ſome of the earthy part of the ſubſtance 
had alſo entered into the compoſition of the air, and, 
re-appeared in this decompoſition of it, in the form, 
of a powder. But, upon the whole, I did 3 
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zr canal ni which 
I ſhall here reciſe. c 00 
| r ne af agyur: neat 
got à quantity of this air from guick/itver, in the ex- 
periment mentioned above, and alſo when after- 
wards, I, for this very purpoſe, procured this air 
from almoſt all the kinds of ſubſtance from which it 
can be procured, the electric exploſion taken in it 
produced the ſame effect, in clouding the tube with 
the black matter, as it had done in the air procured 
from copper. As ſome of theſe experiments were 
attended with peculiar ciocumfſtances, I gun 
mention them. 

I was mot Ade 
get vitriolic acid air from lead, putting a quantity | 
of leaden ſhot into a phial containing ail of vitriol, 
and applying only the uſual degree of heat, a con- 
ſiderable quantity of air was, produced; but after- 
wards, though the heat was increaſed till the acid 
boiled, no more air could be got. I imagine, 
therefore, that, in this caſe, the phlogaſtan had, in 
fact, been ſupplied by ſomething. that had adhered 
to the ſhot. However, in the air that was. ſo pro- | 
duced, I took the electric exploſion, and in the firſt 
quantity that I tried, a whitiſn matter was produced, 
almoſt covering the inſide of the tube. But in the 
ſucceeding experiments with air procured from tha 
9 or from ſomething adhering to it, there 

1 4 way 
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was leſs of the whitiſh matter; and at laſt nothing 
but black matter was produced, as 1n all the other 
experiments. Water being admitted to this air, 
there remained a conſiderable refiduum, which was 
very ſlightly inflammable. _ . | 

Vitriolic acid air is eaſily 3 Gini for f | 
wine, the mixture becoming black before any air is 
yielded. The electric exploſign taken in this air 
alſo produced the black matter. I 

If any of my experiments be capable of chrowing 
light upon the ſubject of this black matter, it ſhould 
ſeem to be thoſe which 1 made with ether, by the 
help of which this air is as eaſily procured as by 
any other . ſubſtance containing phlogiſton. In the 
air procured by ether the electric exploſion tinged the 
glaſs very black; I think more ſo than I had obſerv- 
ed in any other experiment of the kind; and when 
water had abſorbed what it could of this air, there - 
vas a reſiduum in which a candle burned with a lam- 
bent blue flame. But what was moſt remarkable in - 
this experiment was, that beſides the oil of vitriol 
becoming very black during the proceſs, a black 
ſubſtance, and of a thick conſiſtence, was formed, 
which ſwam on the ſurface of the acid. I collected 
a quantity of it, but I have not examined ft with 


ſufficient attention, It may eaſily be procured by | 
1 ether in the —_ ad. | 
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The electric ſpark, or exploſion, taken in common 
air, confined by quickſilver, in a glaſs tube, covers 
the inſide of the tube with a black matter, which, 
when heated, appears to be pure quickſilver. This, 
therefore, may be the caſe with the black matter 
into which I ſuppoſed the vitriolic acid air to be 
converted by the ſame proceſs, though the effect 
was much more remarkable in that than in common 
air. The exploſion will often produce the diminution 
of the common air, in half the time that the ſimple. 

ſparks will do it, the machine giving the ſame quan- 
tity of fire in the ſame time. Alſo the blackneſs of 
the tube is much ſooner produced by the ſhocks 
than by the ſparks. When the tube conſiderably 
exceeds three tenths of an inch in diameter, it will 
ſometimes become very black without there being 
any ſenſible diminution of the quantity of air, 
I have ſince found that this black matter is mer- 
cury Juperphlogiſticated, the vapour of this metal, 
mixing with the air in all temperatures. This will 
be evident from the experiments under the ** ; 

| mercury. 
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HE volatile uche acid, though produced 
from the fixed vitriolic acid, is very conſider- 
has different from it, eſpecially as it may be diſ- 
lodged from its baſis by the vitriolic acid, juſt as 
other weaker acids are diſlodged by thoſe that | are 
thence called the ſtronger. But that volatile vi- 
triolic acid is capable, however, of being brought 
back to the ſtate of the common vitriolic acid, and 
becoming the fame thing that it originally was, ſe- 
veral experiments ſhew. I had found that it was 
eipable of diſſolving iron and zinc, and of pro- 
dvcihg inflammable air, which is the property of 
Eik ef vitriol; but I had a more deciſive proof of 
the fame thing when, to water ſaturated with vi- 
triolic acid air, I had, for another purpoſe, put 
ſome earth of alum till it was ſaturated. For, 
after ſix months, in which this ſolution had been ex- 
poſed in an open phial, and one third of it was eva- 
porated, I obſerved many tranſparent cryſtals form- 


ed 
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ed at the bottom of the phial, as well az an incruſta. 
tion on the ſides of the phial above the ſurface | of 
the liquor. Theſe cryſtals were all triangular, of 
a conſiderable thickneſs, connected with each other, 
and when examined appeared to he alem, which, 
is known to be the ſaline ſubſtance formed by. 
the ſame earth, and the proper vitriolic. acid. But 
the following experiments, in which it will appear, 
chat real ſulphur is formed by means of the volatile 
vitriolic acid, exhibit a much more remarkable fact, 
and is another proof of the mutual rene 
theſe acids into one another. 

Having expoſed various liquid ſubſtances to a con- 
tinued heat in a ſand furnace, among others 1 placed, 
in it a glaſs tube, about an inch in diameter at the 
bottom, tapering to a point at the top, about two, 


feet and a half long, cloſed, hermetically :; When I. 


had put into it about an ounce, meaſure of diſtilled. 
water ſtrongly impregnated with, vitriolic acid air, 
with nothing more than a random expectation af 
ſome change or other taking place in it. This was, 


on the gth of September 1777, hut the reſult was 
much more curious than I could poſlibly have ima- 
gined 4 priori, I ſhall note the appearances as T 
obſerved them, at the ſeveral intervals in. which I. 
examined this tube, f 
On the Zoth of the ſame. moath 8 
nated nn, which continued tranſparent to the 
le end 
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end of the proceſs, had depoſited a ſmall quantity - 
of black powder; and alſo a bit of matter exactly 
like ſulphur about one eighth of an inch in diame- 
ter lay among it. Small pieces of the ſame mat- 
ter floated on the ſurface of the liquor, and ſtreaks 
of the ſame coated part of the inſide of the tube 
an inch above the liquor. From the top of the 
tube to within about eight inches above the liquor, 
were beautiful white cryſtallizations, like picula, 
diſpoſed irregularly, but generally in the form of 
ftars, the glaſs being perfectly tranſparent between 
them. 

In this ſtate the tube continued, the cryſtalliza- 
tions increafing, and ſeveral times changing their 
places, to the 20th of January following, when an 
end was put to the proceſs. Excepting, however, 
a place of a few ſquare inches near the ſurface of 
the liquor, all the lower half of the tube was quite 
free from them, but from thence to the top it was 
pretty thick and equally covered, exhibiting a moſt 
pleaſing appearance. 

In order to obſerve the time, and the many of 
the formation of theſe cryſtals, in a greater variety 
of circumſtances, I placed in the ſand furnace at 
different times, a ſtrong glaſs tube about nine inches 
long, and a quarter of an inch in diameter, which 
I funk pretty deep in the ſand, in order to give 
it : = degree of heat; and alſo two tubes 
about 
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about four feet long, one of them half an inch, and 
the other a quarter of an inch in diameter, putting 
into the ſhort tube a quantity of the impregnated 
water about an inch in length, and into the hong 
tubes two inches and a half. 

The ſhort tube had been put into the ſand on 
the 11th of Auguſt, and on the goth of Septem- 
" following the liquor was tranſparent, but the 

part of the middle of the une had oy 
wit like cryſtallizations. | 

Of the long tubes the ſmaller had begun to have 
cryſtallizations, about ' one third from the bottom 
in about a fortnight, and the wider in about a 
month. When they were examined on the 19th 
of January, 1778, the large tube had more cryſtal- 
lizations than the ſmaller, the greateſt quantity of 
them about five inches above the ſurface of the 
liquor, but they were all on one fide of the tube, 
and there were others about ſix inches above theſe. 
There were alſo very many between the ſurface 
of the liquor and two inches above it. The ſmaller 
tube had no cryſtals near the ſurface of the liquor, 
but a good many about five inches above it, and 
the greateſt quantity was about eighteen inches 
above it. Neither of theſe tubes had any cryſtals 
in two thirds of the upper part of them. | 

Applying the flame of a candle with a blow- 
pipe to the ſmaller of the long tubes aboye-men- 


tioned, 
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that it was evident there was' a decreaſe of elaſtic 
matter within the tube, which therefore probably 
entered into the cryſtals. If any part of the liquid 
touched the hot glaſs, a denſe white fume was ex+ 
cited,” exactly like that from the oil of vitriol. 
Taking off one half of the tube, and then opening 
it under water, it was half filled with water, and 
the air within in it was completely phlogiſticated, 
which agrees with my former obſervations, of the 
vitriolic acid air imparting phlogiſton to common 
air, or rather of its imbibing dephlogiſticated air, 
and thereby forming vitriolic acid. 

When I heated the dry cryſtals, the ſame white 


cloud was raiſed, and the cryſtals were by this 
means diſperſed into a kind of duſt, that incruſts 
the glaſs. For I applied the heat on the outſide 


o the tube. 
The liquor itſelf was ſtill extremely acid, and 
the ſmell of it very pungent; fo that, probably, 


only a ſmall part of the vitriolic acid air with which 


it was impregnated had entered into theſe cryſtals, 
e as they were. 

' "The cryſtals were eaſily ſhaken off from the 
fide of the tube, when it was waſhed with the li- 
quor, and they continued undiſſolved in it. 

The preceding obſervations were. made preſently 


after the tubes in which the cryſtals were formed 


were 


Pars I 
tioned, the glaſs was preſſed violently inwards ; ſo 
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were taken from the fand furnace; and in this 
ſtate they continued near a year, in the courſe of 
which I had ſhewed them to ſeveral of my che- 
mical friends, who expreſſed much. farprize at the 
Gght of them. At length 1 opened the tube that 
contained the greateſt quantity of theſe cryſtals, 
ſb OI KOT EE II ic 
was ſtill preſſed inwards. 21 
Thees 3-ſoned, went ner difolvet in ſpirit 
of ſalt, and when they had been waſhed, and dried, 
they had the colour, and -fmell of fu/pbur ; and 
being laid on a hot iron burned with a blue flame, 
{o as to leave no. doubt of the * of r 8705 
ſtances. 
To form 1505 abu, 1 e that the 
3 in this expanded and confined ſtate, 
uniting with the dephlogiſticated air in the tube, had 
firft formed vitriolic acid; and that this, uniting with 
phlogiſton, formed the — * EDS: 
tainly a remarkable one... - 
Having obſerved. theſe curious effects of the 
- improgndtien of water with vitriolic acid air, I 
expoſed to the ſame heat, in ſimilar circurnſtances, 
ſpirit of wine, and oil of 2 ſaturated _— 
the ſame kind of air. 1 
The impregnated ſpirit of wine, after bibs 
poſed to this heat about a fortnight was tranſparent; 
but had many ſlender cryſtals in it, and the greater 
part of the tube had a thick and whitiſh incruſta- 
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| tion, beginning about three inches above the ſur- 
- face of the liquor, and extending about twelve 


inches, but was thickeſt in the middle. 
A ſhort tube, containing a quantity of the ſame 


impregnated ſpirit of wine, had no incruſtation, 


but many more cryſtals, in the form of ſpicula 


which ſettled to the bottom of the liquor. Another 


tube of the ſame length had ſimilar fpicula, and 
near the top a conſiderable ncruſtation not eu. 
line. 4 

The oil of turpentine impregnated with vitriolic 


acid air, and expoſed to the heat in this manner, 


from being of a light amber colour, became of a 
deep brown. The tube in which it was contained 


Was only eighteen inches long, and the upper half 


of it was covered on one ſide with white incruſta- 
tions not ſpiculine. 

Whale oil impregnated with this air, from be- 
ing brown, had probably become almoſt black. 
For the tube was broke, but had a very black in- 


cruſtation towards the bottom, en e near the 


ſurface of the liquor. 
J alſo expoſed to the ſame heat tubes containing 


vitriolic acid air only, having firſt filled them with 


quickſilver, then with this kind of air, and after- 


wards ſealing them hermetically with a blow- pipe; 


and the reſult was ſimilar to thoſe in which the 
men were 8 | 
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One tube of this kind that had been buried in 
the hot ſand on the 11th of Auguſt, being examin- 
ed on the zoth of September, was found in the 
following ſtate. The upper part of the tube was 
half covered with white cryſtals, but much ſmaller: 
than thoſe in the tubes containing the water impreg- 

Another tube containing the ſame kind of air, 
which had been buried in the ſand a longer time, 
was found quite covered with white cryſtals, and 
a ſmall part of the tube was black, probably from 
ſome external accidental cauſe, The end of this 
tube being broke under quickſilver, it filled one 
third of it, and water abſorbed all that remained 
of the air, except a very ſmall bubble. This water 
had the ſmell of water impregnated with vitriolic 
acid air. 

I have ſeveral times pena this experiment, 
and have never failed to find the inſide of the tubes 
that had been filled with vitriolic acid air coated 
with this white matter; but it is ſo exceedingly 
ſight, that I cannot make many obſervations upon 
it. I am rather ſurprized to find that it does not 
ſeem to be ſulphur, which is formed from the heat- 
ing of water impregnated with the ſame kind of 
air. For ſpirit of falt ſeems to diſſolve it all. At 
leaſt the tube is waſhed perfectly clean with it, 

Vor. II. 2 and 
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and I could not diſcern any: thing in that acid, af 
terwards. But this may be owing to the very 
ſmall quantity of 1 it, though. i it be ſpread on ſo feat 


a ſurface, and to the extreme Tinu 
. of which it conſiſts. 
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The Dito of dv Cle 0 and the er. 
nation of Water with ie. 3 


Tus philoſophical part of hes world hate, of 
late, been highly gratified by the diſcovery 


of a new mineral acid, contained in a ſubſtance 


which chemiſts diſtinguiſh by the name of fluar s 
but many of my readers will underſtand me 


better, when I inform them, that it is of that ſpe- 
cies of ſubſtance, which, with us, is called tbe Der- 


byſhire ſpar ; and of which, at preſent, vaſes and 


other ornaments for chimnies, are uſually made: 
The acid is expelled from this ſubſtance by oil of 
vitriol, and has peculiar properties, as remarkable 
as any of the three other mineral acids . 


were acquainted with before. FF 
2 2 „ 
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This curious diſcovery was made by Mr. 
Scheele, a Swede ; from which circumſtance the 
acid js often diſtinguiſhed by the name of the 
Swediſh acid. His method of operating upon this 
fubſtance, and likewiſe that of all who have ſuc- 
ceeded him in the inquiry, was to diſtil it in glaſs 
veſſels, as in the proceſs of making ſpirit of nitre 
from ſalt- petre; and the moſt remarkable facts 
that have been obſerved concerning it are, that 
the veſſels in which the diſtillation is made are apt 
to be corroded; ſo that holes will be made quite 
through them; and that when there is water in 
the recipient, the ſurface of it will be covered with 
a cruſt, of a friable ſtony matter. 

This cruſt, be. Feen by the name 
of the fluer cruſt, Mr. Scheele ſuppoſed to be 
, wa eden contlnded ther this acid and 
water were the eonſtituent parts of that foſſil. On 
the other hand, Mr. Boulanger, who has taken a 
great deal of pains with this ſubject, is of opinion 
that this new acid is only the acid of ſalt, combined 
with an earthy ſubſtance. For this opinion he 
advances various reaſons ; but does not pretend to 
be able to produce any deciſive proof. The reſult 
of my own experiments, I think, prove, that the 
mig 1 rem ings 

As ſbon as 1 had exhibited one of che acits in 
the form of air, I had no doubt but that all the 
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acids might be. exhibited in the ſame manner, and 
this among the reſt ;, but I imagined that I ſhould 
find great difficulty | in procuring the foſſil chat 
contains it; ſuppoſing that it had only been found 
in Sweden; and I ſhould probably have continued 
in this incapacity for making the following experi- 
ments, had I not been relieved by Mr. Woulte, who, 
upon my inquiry concerning it, not only explained 
to me what the ſubſtance was, but immediately 
furniſhed me with a quantity of ſeveral kinds of it, 
ſufficient for my purpoſe; That with which my firſt 
experiments were made, was that which he called be - 
white phoſphoric ſpar, from Saxony; but afterwards 
I made uſe of the Derbyſhire ſpar; and the pieces 
that I had by me een 
and partly purple. | 
All my advantage in the aveſkigniied ef this 
ſubject, has / ariſen; from my peculiar manner of 
conducting the experiments. For, by exhibiting 
the acid in the form of air, free from moiſture, I 
had an opportunity of examining its nature and 
affinities with the greateſt eaſe and certainty. In 
this manner alſo, this ſpecies of air exhibits à variety 
of ſtriking phenomena, which cannot be produced 
in any other manner of operating upon it. 
When I began theſe experiments, I followed 
the directions given by, thoſe. who had gone before 
me in the inveſtigation of this ſubject, and who | 
2 3 | had 


25 
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had procured'the acid in the common method of 
diſtillation, pounding the fluor (which I afterwards 
found not to be neceſſary) and pouring oil of vitriol 
upon it. This I did in a Phial, to which was fitted 
a'ground-ſtopper and tube, and immediately found, 
that, at firſt, without 'any heat, and afterwards with 
a very ſmall degree of it, air was produced in' great 
plenty, perfectly tranſparent, and confined by quick- 
filver, like the other acid airs. The vapour, as 
it iſſued 'out of the tube into'the open air, formed 
a permanent white cloud; no doubt, by attaching 
to itſelf the water that floated in the atmoſphere, 
and the ſmell of it was extremely pungent. 5 
I had no ſooner produced this-new kind 6 

but I was eager to ſee the effect it would have on 
water, and to produce the ſtony cruſt formed by 
their union, as | deſcribed by Mr. Scheele; and I 
was not diſappointed in my expectations. The 
moment the water came into contact with this air, 
the ſurſace of it became white and 'opake, by a 
Hay. film, which, forming a ſeparation between the 
air above, and the water below it, conſiderably re- 
tarded the aſcent of the water, till the air, infinuating 
itſelf through the pores and cracks of this cruſt; 
the water neceſſarily roſe as the air diminiſhed, and 
breaking the cruſt, preſented a new ſurface of wa- 
ter, which, like the former, was inſtantly covered 
with a freſh cruſt, Thus was one ſtony incruſta- 
5 ff EZ tion 
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tion formed aſter another, till every particle of the 
air was united to the water, and the different films 
being collected, and dried, formed a white powdery 
ſubſtance, generally à little aeid to che taſte; but 
when waſhed in much pure WR ee 


inſipid. 50 


onde fat) gen 105 11 
Feu Philoſophical experiments anbit a more 
pleaſing appearance than this, which can only be 
made, by firſt producing the air confined by quick- 
ſilver; and then admitting a large body of water to 
it. Moſt perſons to whom I have ſhewn' the ex. 
| periment have! been exceedingly | ſtruck with it: 
It is exhibited to the moſt advantage, when the veſ. 
ſel / that contains the air is pretty wide, by which I 
mean about an inch in diameter. In this caſe the 
cruſt-will often crack in the middle, and a ſmall 
jet of water ruſning through the fiſſure, will, to 
appearance, be inſtantihy converted into this ſtony 
ſubſtance, and look like a puff of | white :pawder; 
riſing ſometimes an inch or two up into the air; 
Alſo che cryſtallixatiuns, formed on the ſides uf the 
veſſel, as the water riſes in rr very beautiful 
appeurancey- 41 bg igri ot ccd 30 mei 
The union of this acid air and nr may alſo 
be: exhibited in another manner, which, to ſome 
perſons, makes a ſtill more ſtriking experiment; 
vis; u mittig d rt as faſt W 
24 
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to a large body of water reſting on quickſilver, in- 
fined of mung he water to . CRT 
formed. 

For this purpaſe, 1 uſually: put two or three 
ounce meaſures. of water into a tall cylindrical jar, 
about an inch in diameter (ſuch as thoſe which 1 
generally uſe as recipients of thoſe kinds of air that 
muſt be confined by quickſilver) and filling the 
remainder of the veſſel with quickſilver, I place 
it inverted. in a baſon containing a quantity of the 
ſame ſſuid ; ſo that the water, immediately riſing 
to the top, oocupies the upper part of the veſſel, 
while: the quickſilxer occupies the lower part. I 
then introduce under it the end of the tube pro- 
cceding from the phial, which contains the materials 
for generating this air. It is, then, very pleaſing 
to obſerve: that the moment any bubble of air, 
after paſſing through the quickſilver, reaches the 
water, it is inſtantiy, as it were, converted into 
a ſtone; but continning hollow fer à ſhort ſpace 
of time, generally riſes to the top of the water, in 
the form of a bubble, or a thin White film, If the 
ſucceſſion of bubbles be rapid, and they riſe free 
to the top ef the veſſel, through à large body of 
caſe, as'they will ſometimes adhere to the upper 
eee T hive met with few 

7 petrſons 
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perſons who are ſoon weary of looking at it; and 
ſome could fit by it almoſt a anna 
agreeably amuſed all the time. 1 

Eyery bubble of air, coming into contact with : 
the water on eyery ide at once, is like a blad- 
der, being hollow within; but this ſlight cruſt ſoon 
burſting, the ſides collapſe, and it. riſes to the top 
of the veſſel, in the form of a piece of thin white 
gauze. The water ſoon penetrating every part 
of it, the whole maſs of theſe films becomes in a 
little time like a jelly, which continually thickens 
by the acceſſion of more films, till at length the 
whole body of water ſeems to become ſolid; fo 
that, being fully ſaturated, eſpecially, at the lower 
part, the air, finding no more moiſture within its 
reach, will fill all the lower part of ihe veſſel, 
expelling the quickſilver, while the, water, in the 
form of. a ſtiff jelly, ey all he upper part o 
the veſſel, _ 

„ E 
1 have repeated this experiment a great aymbes 
of times, I have had an opportunity of obſerving. 
a very great variety in the appearances which it 
exhibits, One is peculiarly pleaſing, but not very 
common, A large bubble of air will ſometimes 
adhere, by its lower part, to the. ſurface, of the 
quickſilver; and another bubble, riſing in the lame. 
ph eee, | 


cloſed, puſhes out the. upper part f it, and ad- 
| . vancing 
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vancing farther into the water, extends the bubble 
in length: another follows, and does the ſame, till 
at length a tube is formed (the ſides alſo growing 
thicker continually) extending from the quickſilver, 
to the top of the water. T have ſeen of them four 
inches in length; and others being formed cloſe 
to them, the whole veſſel has been almoſt filled 
with theſe tubes, adhering to one another, of dif. 
ferent lengths, and not much unlike” the appears 
ance of the pipes that ute, placed in e, 
8 an organ. 0 * ö at 
In leſs than an ba I ave nk convert- 


Fx two or three ounce meaſures of water into this 


folid maſs. When this is taken out of the veſſelz 
and preſſed, it will be found to contain a great deal 
of an acid liquor; the water impregnated- with 

e acid having been intangled in the interſtices of 

e jelly, out of the reach of the air: and if this 
liquor be uſed in another proceſs, inſtead of pure 
water, more of it will ſeem to become folid, and 
the acid liquor will be concentrated every time. 
By the repetition of this proceſs, an acid liquor 


may be procured of a very conſiderable degree of 


ſtrength. There ſeems, however, to be a limit to 
its ſtrength; for the acid is exceedingly volatile, as 
is evident from its extremely pungent ſmell ; ſo 
that I have thought that I gained nothing by re- 
peating the proceſs more than eight 'or ten times; 
| becauſe it was impoſſible to transfer the water from 

EY one 
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one veſſel to another, but more acid would be loſt 

by evaporation, than would be wet 125 mee | 
impregnation with the acid air. 


Theſe appearances I now explain, by rd 
that the acid of the ſpar diſlodged by the” vitriolic 


acid, in uniting with the ſpar,” is in part volatilized, 
appears in the form of air; and that there is alſo 
combined with this air, a portion of the ſolid earth 
part of the ſpar, which continues in a ſtate of ſolu- 
tion, till, coming into contact with the water, che 
fluid unites with the acid, and the earth is/precipt- 
tated. erent: 
Before I proceed to relate any of the experiments 
which I made with this acich air, 1 ſhall give a few 
directions and precautions, which may be ee 
perſons on their firſt entrance upon this of e. 

1. The tube through which bett er d 
conveyed ſhould not be very narrow; becauſe it is 
apt to be furred up, eſpecially when any phial, con- 
taining materials for the production of this air, has 
been uſed ſome time, and with a good deal of heat; 
owing, I ſuppoſe, to the hot air retaining in ſolu- 
tion more of the ſtony matter than it can do when 
it is cold, and therefore depoſiting it as it i con- 
yeyed through the tube. 

2. I began theſe experiments with ial which 
had ground ſtoppers and tubes, but ſoon found that 
it was too expenſive a mode of experimenting with 

44 thus 
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this kind of air ; for they were preſently corroded 
and ſpoiled. Afterwards, therefore, 1 uſed only 
common phials, but the thickeſt that I could meet 
with; and ftill ſeldom found that they would bear 
the experiment above an hour. Very frequently, 
the thickeſt phials that I could get would be worn 
quite through in a quarter of an hour, when the 
heat was conſiderable, and the production of the air 
rapid. This power of diſſolving glaſs is a very re- 
markable property of this air; but it ſeems to poſ- 
dee, ee eee ee Amma 
degree. | 

3. When I wiſhed to produce this air pretty fat, 
I found it moſt convenient to pound the ſpar, and 
pour the oil of vitriol upon it, filling one fourth of 
the phial with the ſpar, and leaving one fourth of it 
for a ſpace in which the bubbles might expand them- 
ſelves, and break, ſo as not to carry any of the li- 
eee leo procecd a de paricua 
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SECTION u. 


Experiments made with a View to Altover the Conf * 
 tution of Fluor Acid Air. | 


Ice might podlbiy contribute. to decide 
the queſtion concerning the identity of this acid 
and the marine, if I put a quantity ofthe flor cruſt 
to marine acid air z thinking that they might. form. 
an union, and conſtitute this fluor acid air. And, 
indeed, ſomething ſimilar to it was by this means. 
produced; ſo that another cruſt was formed upon 
the admiſſion of water to it; but, in other re- 
ſpects, ſeveral circumſtances, which I cannot ex- 
ain e d cxperifiÞes.. They. were as 
follows. 

. eee eee 
put about a quarter of a grain of the fluor cruſt 
and in about three days it had abſorbed about half 
an ounce meaſure of the air. Water being then 
ane het alen, n. 
of air unabſorbed. 

— werine acid air $0-0gomty 


large quantity of the fluor cruſt, confined by quick- * 
| 5 filver 
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filver ; and, as the air was imbibed, I continued 
to throw up more, till, after three or four days, that 
ſubſtance ſeemed to be fully ſaturated with the air. 
Then admitting water to it, it was abſorbed exactly 
like the fluor acid air ; but I could not, at that 
time, very well diſtinguiſh the cruſt on the top of 
tt, on account of the jar being almoſt filled with the 
cruſt, and part of it floating on the top of the water. 
About three fourths of this air was abſorbed by the 
water; but what I thought very remarkable, air 
kept iſſuing from this fluor cruſt, in large bubbles, 
till the quantity of air was doubled, and the jar was 
hall filled with it. © This air neither affected common 
air, nor was affected by nitrous an and it WN 
"_ a candle. 

I repeated the experiment, with this 4 differ- 
ence, that I admitted water to the air as ſoon as the 
fluor cruſt ſeemed to be ſaturated; when the expe- 
riment being made in a wide jar, the eruſt on the 
ſurface of the water was as viſible as in the experi- 
ment with the fluor acid air itſelf. At this time, 
however, there was no generation of air from the 
ſaturated cruſt, as before, but à conſiderable quan- 
tity of air, unabſorbed by wütet, though I took care 
that the marine acid air was n 1 Gould 
procure it. 

. Having a quantity of the auer (coaſt Litidited 
with marine acid air, . to pour 
4 | ſome 
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ſome oil of vitriol upon it, in order to try whether 
the produce would be pure marine acid air, or a 
, mixture of the two; and the latter ſee med to be the 
caſe, 'though 1 think oy __ 8 — * 
the mixture. 

In this proceſs air was 3 in . e 
and the bubbles burſt in the receiver with a Witte 
cloud; but when water was admitted to it, it was 
abſorbed ne IO yt ehr its 
ſurface. * [ en RW 

In twenty Fry e piece off ſa 
ed yellow. in this air, and abſorbell about half an 
ounce meaſure of it. What remained unabſorb- 
ed by water, was exceedingly ſtrong nitrous air, 
che ſpirit of nitre having been ſet looſe from the ſalt-' 

petre by the marine acid . n having diſſolved 
the dee e nen, Amon 

A piece of borax, in , babe, abſorbed 
about two ounce meaſures A this air, without leav- 
ing any reſiduum not abſorbed by water. The 
ſurface of the borax was become ſoſt ; but by waſh- 
ing it in ww. the ſoft e MIRO 
the reſt.” 
| tithe begining EY inveltigatifiwoGitle babe 

jet, I had a ſuſpicion that this new acid air mighi 
poſſibly! be the vitriolic acid air, loaded with the 
ſparry cruſt; but the following digg e 
n. $f Je ging 
TT, | — I threw 


4 
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1 threw the ſocus of a burning lens upon ſome: 
pieces of the ſpar in vitriolic acid air, confined: by 


quickſilver ; thinking, that when it was hot, it might 
: diſſolve ſome part of it, and thereby become the 


fame thing with the fluor acid air. But though I 
continued this operation till the ſpar ſmoked, and 


filled the veſſel with a white fume, there was nei 


ther any. addition made to the quantity of air, nor 
any change produced in the quality of it. When 


water was admitted to it, no cruſt, ma co | 
* was formed, on the ſurface of it. 


In order to try whether the fluor cruſt was the 
ſame thing with the ſpar, from which it had been 
produced, I got a quantity of it, and treated it in 
the ſame manner as I had treated the ſpar, pouring 
from it, I preſently found, indeed, that it yielded 
great plenty of air; but not finding it to be the 


thing I was then in queſt of, viz. an acid air, by 


means of which a cruſt would be formed on the 
ſurface of the water admitted to it, 1 e eee 
give ſufficient attention to it. 

Water admitted to this acid air, W Gris 


the fluor cruſt by oil of vitriol, abſorbed wa but 


without having any cruſt upon its ſurface. 
Alkaline air united wich the whole of this acid 


air, forming with it a white'faline ſubſtance ; and 
part of the inſide of the tube in which the mixture 
Toy was 


a 2 


mm avs A to „ wm, g r © »H try 


my 
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Vas made, „ or orange 
colour, which diſappeared after a few hours enpo- 
ſure to the open air. This I have obſeryed * be 
the caſe with the vitriolic acid air. 
This air did not at all e 
The acid air expelled from water ſaturated with 2 
the fluor acid, reſembles the vitriolic acid air in ſo 
many properties, chat when I firſt publiſhed my 
experiments on the ſubject, I concluded it to be 
the vitriolic acid air combiried with the-fluor cruſt. 
To ſatisfy myſelf with reſpect ii it, I farus 
rated a quantity of water with the fluor acid ain 
preſſing out the ſtony matter with which it was 
filled at each proceſs, and impregnating it over and 
over again. When it appeared to be ſufficiently - 
impregnated for my purpoſe, I put the liquor into 
a phial, furniſhed with a proper tube and recipient; 
ſuch as is repreſented Plate II. fig. 8. to re- 
ceive any of the watery part that might be expelled 
dy heat; and applying the flame of a candle, I pre- 
ſently got from it great plenty of air; which, b7 
every teſt that I could think of applying, appeared 
to have the very ſame properties wich the vitriolic 
acid air. 
The air thus expelled from this acid liquor was 


= e ſurface 
of it, 
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When alkaline air was admitted to it, the ſides 
of the veſſel were tinged with the orange- colour 


mentioned above, which vaniſhed in about an hour 


after it had been expoſed to the open air. 
This air had no effect upon ſalt-petre, a piece 
of which continued in it about a fortnight; nor yet 
upon ſulphur, alum, or ſal ammoniac. | 
Liver of Sulphur abſorbed it, without undergoing 
any Govt. ke. 4 
This air extinguiſhed a candle, without any par. 
ticular colour of the flame. 
Campbor was diſſolved in this on Weng as it is 
in vitriolic acid air. | 
In theſe e this achd air will be fn, by 
| compariſon, to agree with the vitriolic acid air ; as 
alſo in the two following, which, as far as I now; 
are peculiar to this ſpecies of air. 34 
Phlogiſton, as I have obſerved, g | 
vitriolic acid air, and in ſuch a manner as to be 
communicated by it to the common air with which 
it is mixed, and thereby to phlogiſticate, or injure 
it. And an equal quantity of this acid air, and com- 
mon air, having been mixed, and leſt together 
twenty-four hours, the common air appeared to be 
ſo far injured, that two meaſures of it, and one of 


nitrous air, occupied the {pace of nn more 


than two meaſures. | 
The ele#ric ſpark has a very e effe 
upon the vitriolic acid air, or rather upon the glaſs 
5 tube 
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tube in which the experiment is made, a hs « 
been obſerved ; for a ſingle exploſion covers all 
the inſide ſurface with a deep brown or black 
matter, and the -glaſs 'grows more” opake every 
| ſtroke, This very ſingular and ſtriking effect has 
the electric ſpark taken nemme * 
this acid liquor. | 
After I had made as I had no val 
but that theſe two kinds of air, viz. the vitrivlic acid 
and the fuer acid, are, in reality, the ſame. And 
the difference between them when the latter is diveſted 
of the ſtony matter which it contains, cannot be great. 
But ftill the acid thus far ſeparated from the ſtony - 
matter contains a ſufficient quantity of it; for in mak- 
ing it boil with violence, the inſide of the tube imme- 
diately connected with it, was filled with a ſtony matter. 
It happened twice in the courſe of the above men- 
tioned experiments, that the tube was quite ſtopped up 


by this means, ſo as to cauſe the exploſion of the phial. 


' Laſtly, I would obſerve, that the 7afte of this acid 
liquor afforded a preſumption, that the acid which 
enters into it was the vitriolic; for it has exactly the 
aſtringency of alum. ' Notwithſtanding all theſe 
circumſtances, the acid is e np Man 
ferent nature. 

That the fluor contains phlogiſton, is 5 
from the attempts that I made to procure dephlogiſ- 
| | ficated air from it, by means of ſpirit 2 for 

A 2 2 . the 
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the air that I got from it was always phlogiſticated, 
and ſometimes even nitrous. 


At eee eee 


materials into a phial with a ground - ſtopper and tube, 


and applying the heat of a candle only. The air 1 
got in this manner neither affected common ait, nor 
was affected by nitrous air. I then put the ſame ap- 

paratus into a crucible ; and, with a ſtrong ſand- 
heat, I got from it about two ounce- meaſures of air; 
in four portions. The firſt of theſe was exactly 
like the preceding, being phlogiſticated air; the 
ſecond made lime-water turbid, and a great part of it 
was readily abſorbed by water: the third and fourth 
portions were very ſtrong nitrous air. 


This experiment was made with the whitiſh part | 


of this ſpar, which therefore probably contains the 
kaſt phlogiſton, That phlogiſton which con- 


tributes to the colour of this fofſil, 1 found, by the 


following obſervation, to be. of a very volatile na- 


ture. When the coloured ſpar is diſſolved in oil of 


vitriol, the fluor cruſt, collected in the water, has 


the ſame colour; but when it is dried near the fire, 
the colour vaniſhes, and the whole becomes white: 


yet this white cruſt, heated again in oil of vitriol, con- 
tains, as was obſerved before, ſo much phlogiſton, 
as to convert oil of vitriol into vitriolic acid air. 


The air expelled from this acid liquor did not 


diſſolve the fuer cruſt that was expoſed to it. A 
3 quantity 
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quantity of it remained in this ſituation ſeveral days, 
without affecting it, or being affected by it. I had 
imagined that ir might have been diſſolyed by this 
air, and have converted it into the fluor acid air. 

Oil. of turpentine abſorbed about ten times its bulk. 
of this air, and became of an orange colour. Af- 
ter this impregnation it had a pungent acid ſmell, 
together with its own, I obſerved nothing farther 
reſpecting it. 

Reflecting upon the phoſphorie prepeny ar the 
| ſpar, by means of which 1 had procured this acid 
air, I thought it was poſſible thet its property of 
enabling oil of vitribl;to yield this air, might be 
common to it with other ſimilar phoſphoric ſubſtan- 
ces, depending upon that combination of phlogiſton 
which enables them to imbibe and emit light. 

In order to aſcertain this, with reſpect to one other 
ſubſtance of this kind, I made a quantity of Mr. 
Caxtan's phoſphorus, and pouring upon it ſome oil of 
vitriol, I got air that was readily abſorbed by water, 
and with a cruſt upon its ſurface, exactly like that 
which is procured from the fluor, only not in ſo 
great a quantity, The efferveſcence between this 


+ , ſubſtance and the oil of vitriol was very great, and 


alſo the heat occaſioned by it; and the vapour eſ- 
caping into the common air, was white and denſe, 
much like the vapour of the fluor acid. 

I ſhall conclude this ſection with obſerving, that 
the oil of vitriol 1 in which the fluor is diſſolved, 
A a 3 | be- 
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bee thick like ice, exactly like the oil of vitriob 
in which quick-lime has been boiled, 

As the fluor contains an acid ſui generis, it might 
have been expected, that it would have been di 
from its baſe by ſome other of the acids, as well as 

the vitriolic; or that, if it was of a ſtronger kind 

than the nitrous, or marine acids, it might diſlodge 
them from their baſes: but no experiments 
whatever ſhow any ſuch thing; nor can the fluor | 
acid be at all produced, except when the ſpar is diſ- 
ſolved in the vitriolic acid. This has, in ſome mea- 
ſure, been obſerved by others. Having carefully. 
repeated the experiments myſelf, I obſerved tho 
—_ reſults. - 

Having put a quantity of fluor to "IR nitrous 
acid, in a glaſs phial with a ground ſtopper, I receiv- 
ed the produce in water, and obſerved that about 
one ſixth of it was fixed air, , precipitating lime in 
lime-water, and that the remainder was ſtrongly 
| nitrous (a proof that this ſubſtance contains much 
phlogiſton) but there was no appearance of any 
thing like a cruſt on the ſurface of the water. When 
the air was received in quickſilver, the ſolution of 
the metal, and the production of more nitrous air, 
demonſtrated that the nitrous acid, uncombined with 
any thing that could alter the property.0f ih, came 

over. 


EC- 
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SECTION m. 


Obſervations = the Freezing of Water, impregnated | 


with Fluor Acid Air, and with Vitriolic Acid Art. „ 


1 Had an opportunity, in one froſty winter, of 
obſerving a pretty remarkable difference berween 
water impregnated with vitriolic acid air, and water | 
impregnated with the fluor acid. It is that water 
impregnated with vitriolic acid air that may be 
conyerted into ice, whereas water impregnated with 
fluor acid air will not freeze. 

I had obſerved with reſpe& to marine acid air, 


and alkaline air, that they diſſolve ice, and that wa- 


ter impregnated with them is incapable of freezing, 
at leaſt in ſuch a degree of cold as T had expoſed ' 
them to. The ſame, I find, is the caſe with fluor 
acid air, but it is not ſo at all with vitriolic acid air, 
whith, intirely contrary to my expectation, I find 
to be altogether different from marine acid air in 
this reſpect, and to reſemble fixed air. But where- 
as water impregnated with fixed air diſcharges it 
when it is converted into ice, water im pregnated 
with vitriolic acid air, and then frozen, retains it as 


ſtrongly as ever. 


4 1 
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I expoſe i in an open phial a quantity of water 
fully impregnated with vitriolic acid air, when the 
thermometer was at 17 degrees, and obſerved that 
it waspreſently frozen quite through, the ſmell of it 

continuing to be extremely pungent, As it melted, 
the ice ſunk to the hottom of the liquor, and when | 
it was quite diſſolyed, the water e to be ſtill 
very ſtrongly impregnated, 

Then, in order to try whether water would freeze 

in a ſituation in which none of this acid air could 
poſſibly eſcape from it, I expoſed to the ſame de- 
gree of cold a quantity of water ſaturated with this 
air, remaining upon the quickſilver, in the jar in 
which the impregnation had been made; but this 
water alſo was preſently conyerted into ice, which 
was opaque, though the bubbles war not dliſtinctly 
perceivable. 
I then poured | a quantity of water upon a quan- 
tity of the ice above mentioned, when it froze, 
without being ſeemingly affected by any effluvium 
of the impregnated ice, This continued opaque, 
while that of the water was tranſparent as uſual. 
Both theſe kinds of i ice melted equally, and e 
together. 

Ice was not at all diflolyed i in vitriolic acid air, 
Letting it remain in this ſituation all night, the 
next morning I found all the air abſorbed ; but it ap- 
_ peared, by the form of the ice, that it had been melted, 


and 


= 
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and frozen again; for it exatly fied the gas ve 
ſel in which it was confined.” 

Ice was readily diſſolved ar firſt in Su ati air, 
but afterwards very ſlowly, as might have been 

concluded from the manner in which this kind of 
air is imbibed by water. However, in time, the 
whole of the air was abſorbed by the ice, which 
Was diſſolved by it, and continued 1 on the . 
face of the quickſilve. 

In order to make thy experiment upon water im- 
pregnated with fluor acid air, I ſaturated a quantity of 
water with it fo fully, that I could with difficulty 
ſqueeze any water from a quantity of fluor cruſt that 
was depoſited in it. This water I expoſed to the 
froſt all night, and in the morning found it to be in- 
tirely fluid, Preſently after this the froſt broke, and 
I had no opportunity of wa ae. — 
ment. 

The farther bedeuten of this: experiment, 5 
a proper attention to it, will Probably nn 
nen eee eee: 

The froſt of a ſubſequent winter bunte 0 fl 
above mentioned obſervations, except thoſe which 
reſpected water impregnated with fluor acid air, 
which I before concluded would not freeze. 

I now find that it does freeze, though it requires a 
greater degree of cold than water impregnated with 

bee © vitriol 
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vitriolic acid air. The latter effect I attributed to the 
preſence of ſome of the fluor cruſt in the ſolution, and. 
J think this conjecture is, in ſome - meaſure, con- 
firmed by the following obſervations ; in which it 
will be ſeen, that lime water did not freeze ſo ſoon 
as common water, and that lime water impregnated 
with vitriolic acid air did not freeze ſo ſoon as com- 


mon water ſo impregnated. 

Jan. 7, 1779. 1 expoſed to the cold all night 
a phial of pump water, and one of the ſame 
water ſaturated with quick lime. The next morn- 
ing J found the thermometer at 28, the pump wa- 
ter frozen ſolid, but the lime water not frozen at 
Jan. g. When the thermometer was at leaſt 23 
water impregnated with fluor acid air, after being 
expoſed to the cold all night, was · imperfectly frozen. 
At the ſame time water impregnated with vitriolic 
acid air was quite ſolid, and alſo a quantity of 
the fame in which ſome chalk had been diſ- 
ſolved. , But lime impregnated with vitriolic acid 
air was quite fluid. Lime water was frozen, and a 
little of the lime was precipitated. = 

Jan. 12. When the thermometer was at 20, 
and had probably been lower in the night, I found 
the lime water impregnated with vitriolic acid air, 
and alſo You water impregnated with fluor acid air, 
il ſolid 
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ſolid throughout. The former was quite white, 


burt was tranſparent again when the ice melted. As 


the ice of the fluor acid melted, it ſwam on the ſur- 
A I PIO. ; 


SECTION. IV. 


Mines Experiments on uo be Poet f Fluor 


Dire a lighted candle into a veſſel filled 


with the fluor acid air, it was extinguiſhed 


without any particular colour of the flame, which 
is obſervable in the marine acid air. 4g 
Nitrous air, mixed with this acid air, had no | 
ſenſible effe& upon it. Water abſorbed the acid air, 
and left the nitrous air poſſeſſed of its peculiar pro- 
perties. 
Having 


| 
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| Having aſcertained the effect of water upon this 
acid air, I proceeded to try other fluid ſulſtances. 
Spirit of wine imbibed this air as readily as water, 
bur continued as limpid as ever; and when ſatu- 
rated with it, ſeemed to be no leſs inflammable than 
before. 
Oil of turpentine did not imbibe any yof this air. 
Vitrriolic ether imbibed about twenty times its own 
bulk of it; but was not ſenſibly changed by the 
impregnation, The caſe was the ſame with nitrous 
ether. But the firſt time that I made the experiment 
with nitrous ether, I imagine a little water was 
mixed with it (as much as thoſe ſubſtances are ca- 
pable of being mixed) for it coagulated as water 
| had done, remaining in the middle of the tube, the 
acid air being both aboye and below it. This maſs of 
coagulated matter, which in colour and conſiſtence 
reſembled a brown jelly, being taken out. of the veſ- 
ſel, did not take fire at the approach of a candle; 
but when it had been expoſed to the air about haif 
a minute, it grew hot, threw out a groſs ſmoke, 
and was preſently all evaporated. Part, however, 
of the ſame maſs, which had been dipped in water, 
did not grow hot, or evaporate, in the open air; 
and when expoſed to the fire, it burned to a white 
powdery ſubſtance. I imagine this effect to have 
been owing to a mixture of water; becauſe, with 
| p ; pure 
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pure vjtrows ether, I could not get another appear 
ance of the kind. "ns 

Of ſalid ſubſtances, 1 1 found that this air had no 
effect upon /ulþbur, common ſalt, ſal ammoniac, n, 
Aver of ſulphur, or gum-lac. 5 

Charcoal abſorbed the whole of a 1 of this 
air, and contracted. from it a ſtrong pungent ſmell, 
The ruſt of iron alſo abſorbed it in like manner. 
Alum abſorbed this air pretty faſt, the ſurface of it 
being rendered white and -opake, When it was 
taken out of the air, it looked moiſt, and was inca- 
pable of the operation of roaſting, like that which 
had been expoſed to alkaline air. This air having, 
no doubt, like the other, ſeized upon the water 
which enters into the compoſition of alum, 

Ruicklime and chalk, both abſorbed a little of this 
acid air; but the reſult was, in no reſpe&, remark · 


able. The latter had been diſſolved by it, and had 


produced a quantity of fixed air, precipitating lime 
in lime- water. 

In order to judge whether there was any founda- 
tion for the opinion of Mr. Boulanger, of this acid 
being the ſame with the marine, I put to it a piece 
of ſalt· petre, which I have obſerved to be readily 
diſſolved in the marine acid air; and I muſt own 
that appearances ſo much favoured his opinion, that 
I was at that time very much inclined to adopt it. 

1 3 | 


4 
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When the ſalt- petre had been for ſome time ſur- 
rounded with this air, the air began to be diminiſh- 
ed, and the inſide of. the veſſel was filled with red 
fumes, which continued about a week, the quick- 
ſilver riſing all the time, till only one tenth of the 
air remained, and the inſide of the veſſel was co- 
vered with a whitiſh, probably a faline, ſubſtance, 
produced by the ſolution of mercury. After this, 
the air becoming tranſparent, I examined it, and 
found it neither to affect common air, nor to be 
affected by nitrous air, and to extinguiſh a candle. 
Alſo, about one fourth of it was readily abſorbed 
by water, and made lime water turbid ; fo that, 
contrary to my expectation, a great part of the air 
muſt have been fixed air, and not nitrous. This 
experiment I did not repeat; but it ſeems to exhibit 
a fact deſerving of ſome attention, 

Fluor acid air, when it is firſt produced, corrodes 
the glaſs veſſel in which it is generated, But whe- 
ther it did this of itſelf, merely in conſequence of 
being heated, or whether the moiſture, or ſome- 
thing elſe contained in the oil of vitriol, by means 
of which it is formed, contributed to this effect, 
did not certainly appear. When this air is cold, it 
does not at all affect the glaſs veſſel in which it is 
confined. In my attempts to confine the dif- 
ferent kinds of air in glaſs tubes hermetically ſealed, 

Ve | | * 
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in order to expoſe them to a continued heat, I ob- 
ſerved that it is ſimply the heated air that has this 
effect. For when I had filled a tube with this kind of 
air, and was endeavouring to take off different 
lengths of it with a blow Pipe, I found that, when 
the glaſs became red hot, it was always ſo corroded, 
and diſſolved, that it was impoſſible to cloſe it by 
Having mentioned the effect of heating various 
ſubſtances in different kinds of air by means of a 
burning lens, that I may not omit to mention any 
thing that I have obſerved of the kind, and that I 
can think any perſon might wiſh to be informed of, 
I ſhall, in this miſcellaneous ſection, . recite the fol- 
lowing experiments. 

Throwing the focus of the lens upon iron turn- 
ings in fluor acid air, a denſe white fume preſently ' 
filled the veſſel, and during the proceſs the heat was 
remarkably great; ſo that I could not touch the 
upper part of the glaſs veſſel in which the experiment 
was made, The quantity of air was conſiderably 
diminiſhed, and a quantity remained that. was not 
| abſorbed by water, but not enough to examine it. 
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EXPERIMENTS AND OBSERVATIONS RELATING re 
ALKALINE AIR; 


ROT FOR ia 


The 22 of Alkaline Air, and of the aer 23 


Ci Water with it. | 


| Ares I had made che Sint; 4 


riue acid air, which the vapour of ſpirit of 
ſalt may properly enough be called, and had made 
thoſe experiments upon it, of which I have 


already given an account, it occurred to me, 


that, by a proceſs ſimilar to that by which this 
acid air is expelled from the ſpirit of ſalt, an alkaline 


air might be expelled from ſubſtances containing 


volatile alkali, 


Ac« 
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Accor a8 1 1 piocured ſome volatile pes of 
ſal a amimoniac, and od put it into a thin phial, 

and heated ir wi the flame of a "candle; I 225 | 
Subd ie i great quantity of vapour was di charged 
from i ir; aid being received in a veſſel of quick- 
ſilver,” ſtanding”) in a "baſon of | quickſilyer, it cons. 
tied in the form of a np and permanent 
ar, nöt at all condenſed by cold; fo that I had the 
ſame opportunity of making cxperatents upon it, 
251 had before ofi the acid ait, being in the ſame 
fav durable circumiſtancts. 

Will the lam eaſe I alſo procurtd this ai r from 
foirit's 7 bariſporn, and ſal volatlle either 1 in a fluid or 
ſolid form, i. e. from + thoſe” volatile Alkaline ſalts 
wich" are produced by the diſtillation of ſal am- 
nidiita wit Fixed alkalis,” But' in 1 this caſe I ſoon 
found that the "alkaline air 1 procured was not pure z 
for the fixed air, which entered the compo- 

ſitioi of ny materials, "was expelted along with it. 
Alſo, e ag? wick "he "alkaline air, in the 
gli tube through which they were conveyed, 
they Ropped"it up, and and were often the means of 

burſting 1 my veſſels, | 

While theſe 1 were new to me, I ima- 
gined that I was able to procure this air with pe- ; 
cutiar advantage and in the greateſt abundance, 
either from the falts in a dry ſtate, when they were 
juſt coveted with” water, or in a perfectly fluid” | 

Vor. II, B b ſtate z 
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ſtate; for, upon applying a candle to the phials 
in which they were contained, there was a moſt 
aſtoniſhing production of air; but having examin- 
ed it, I found it to be chiefly fixed air, eſpecially 
after the firſt or ſecond produce from the ſame 
materials ; and removing my apparatus. to a trough 
of water, and uſing the water inſtead of quick- 
92 I found chat it was not preſendy abſorbed 
* - 

This, however, appears to be an eaſy and elegant 
method of procuring fixed air, from a ſmall quan- 
tity of materials, though there muſt be a mixture 
of alkaline air along with it; as it is by means of 
its combination with this principle only, that it is 
poſſible, that ſo much fixed air ſhould be retained 
in any liquid. Water, at leaſt, we know, cannot 
de made to contain muck . more than its own bulk 

of fixed air, 

Aſter this diſappointment, I confined myſelf & to 
the uſe of that volatile ſpirit of ſal ammoniac which 
18 procured by a diſtillation with ſlaked lime, which 
contains no fixed air; and which ſeems, in a gene- 
ral ſtate, to contain about as much alkaline air, as 


an equal quantity of ſpirit of al contains of the 
marine acid air, 

"Wanting, however, to procure this air in greater 
quantities, and this' method being rather expenſive, 


| it occurred to me, that akaline air might, | Pt 
1 E 


0 


. . Cond. oe Do os 


a ſmall, veſſel in which this w; 
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be procured, with the moſt eaſe and convenience, 


from the original materials, mixed in the ſame 


proportions that chemiſts had found by experience 
to anſwer the beſt for the production of the vola- 
tile ſpirit of ſal ammoniac. Accordingly I mixed 
one fourth of pounded ſal ammoniac, with three 
fourths of ſlaked lime; and filling a phial with the 


mixture, I preſently found it completely anſwered 


my purpoſe. The heat of a candle [expelled fromm 
this mixture a prodigious quantity of alkaline air; 


and the ſame materials (as much as filled an ounce 


phial) would ſerve me a conſiderable time, with - 


out changing; eſpecially when, inſtead of a glaſa 


phial, I made. uſe of a ſmall iron tube, n L ind- 
much more convenient for the purpoſe. 

As water ſoon begins to riſe in this * it 
is neceſſary, if the air is intended to be conveyed» 
perfectly. dry into the veſſel of quickſilyer, ta haue 
(which is the 
common volatile ſpirit; of ſal ammoniac) may be 
received. This ſmall veſſel muſt be interpoſed 
between the veſſel which contains the materials for 
the generation of the air, Warane 
to be received, as , Pl. II. fig. 8. 

This alkaline air being perfectly analogous to 
the acid air, I was naturally led to inveſtigate the 
properties of it in the ſame manner, and. nearly in 
the Jane; order. From this analogy I concluded, 

; Bb 2 AS 
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as I preſently found to be the fact, that this alkaline 
air would be readily imbibed by water, and, by 
its union with it, would form a volatile ſpirit! of 
ſal ammoniac. And as the water, when admitted' 
to the air in this manner, confined” by quickſilyer;, 
has an opportunity of filly ſaturating itſelf with 
the alkaline vapour, it is made prodigiouſly ſtronger 
tham any volatile ſpirit of ſal ammoniat thiat I have 
ever ſeen; and I believe ſttonger' than it can be 
made in the common way.” 
In order to aſcertain what addition, with reſpect 
to quantity and weight, water would acquire by 
being ſaturated with alkaline air, I put one grain 
and a quarter of rain water into a ſmall glaſs tube, 
cloſed at one end with cement, and open at the 
other, the column of water meaſuring] ſeven tenths 
of an inch ; and having introduced it through the 
quickſilver” into à veſſel containing alkaline” air, 
obſerved thas it abſorbed even cighths'of an ounce 
meafure of the air, and had then gained about” half 
a grain in weight, and was increaſed to eight” tenths 
of an inch and à half in length: 1 did not make 
a ſecond experiment of this Kind, and therefore will 
not anſwer for the exactneſs or tele Proportions 
in future trials. What 12did* ſufficiently anſwered 
my purpoſe, in a general'view'of the ſubjet. 
When I had, at one time, ſaturated a quantity 
of diſtilled water wich alkaline air, ſo W 
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deal of the air remained unabſorbed on the ſurface 
of the water, I obſeryed that, as L. continued to 
throw. up more air, a conſiderable proportion f 
it was  imbibed, but not the whole; and when I 
had ler, the apparatus ſtand. a day, inuch more of 
the air that lay on the ſurface was imbibed. And 
after the water would, imbibe no more of. the old 
air, it imbibed nem. This ſhews that water re- 
quires a conſiderable time to ſaturate itſelf with 
this Kind of air, and that pan of it more readily 
unites, with water than the reſt, _ 

The ſame. is alſo, probably, the. als. with all 
the kinds of air with which water can be impteg- 
nated. Mr, Cavendiſh made this obſervation with 
reſpeRt to fixed air, and, 1 repeated the whole pro- 
ceſs above · mentioned with marine acid air, and 
had preciſely the ſame reſult. The alkaline water 
which 1 procured in this experiment was, beyond 
compariſon, ſtronger to the ſmell, than any ſpirit 
of ſal ammoniac that 1 had ſeen. 

This experimens led me. to attempt the. making. 
of ſpirit of ſal ammoniac in a larger quantity, by 
impregnating diſtilled water with this alkaline air. 
For this purpoſe I filled a piece of a gun barrel 
with the materials aboye-mentioned, and luted to 
the open end of it a ſinall, glaſs tube, one end of 
which was bent, and put within the mouth of 4 
glaſs veſſel, containing a quantity of diſtilled water 
| B b 3 upon 
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upon quickſilver, ſtanding in a baſon of quickſilver. 
In theſe circumſtances the heat of the fire, applied 


gradually, expelled the alkaline air, which, paſſing 


through the tube, and the quickſilver, came at laſt 


to the water, which, in time, became fully ſaturated 
wich it. 


By this/means 1 got a very ſtrong kme li- 
quor, from which I could again expel the alkaline 
air which J had put into it, whenever it happened 
to be more convenient to me to get it in that man- 
ner. This proceſs may eaſily be performed in a 


ſtill larger way; and by this means a liquor of the 


ſame nature with the volatile ſpirit of ſal ammo- 
niac, might be made much: ſtronger, and much 
rn than it is now made. 


1 had ſome expectation that alkaline air might 
be expelled from cauſtic fixed alkali, eſpecially 
as it is known that the fixed and volatile alkalis 
differ only in their combinations but J was dif- 


appointed in my expectations. Having procured 


a quantity of cauſtic alkali from Mr. Lane, who 


is known to prepare it with particular accuracy, 
I treated it in the ſame manner as I had done 
the ſpirit of ſalt, and found that the vapour ex- 


pelled from it conſiſted of nothing but water, being 


immediately condenſed wu it came to hs cold 


quickſilver, 


ebe. 
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The Maxis of Alkaline Air with various . Subſtances, 


* 


and mriſcellaheous Properties of 1. 


Hr 


relation that alkaline ar bears to . I 


31143 . £5} 
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quence of mixing this new air with the other kinds 
with which I was acquainted before, and eſpecially 


rf © 


with marine acid air; having a notion chat theſe two 


. vr 11808 


airs, being of oppoſite natures, might compaſe aneuty 4 
air, and pethaps the very fame thing with com- _ 


mon. air. But the motnent that theſe two 3 s 
of air came into contact, a beaytiful v üte clo 
was formed; and Preſentiy filled the whole veſſel 
in which they were contained. Ar the Late tir : 
the quantity of air began ko diminiſh! and, af ar length, 
when the cloud was fubliqed, there appeared. . 
be formed a ſolid h fat, which” was fou 5 
be the common U anmoniac, or the marie 


united to the volatile alkali! „eo bon 
The firſt quantity that 1 real immediately 
wy aunts upon being” expo ſed tothe" common 

Bb 4 air; 
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air; but if it was expoſed in a very dry and warm 
place, it almoſt all evaporated, in a white cloud. 


I have, however, fince, from the ſame materials, 
produced the ſalt aboye-mentioned in a ſtate not 


ſubje& to deliqueſce, or evaporate, This differ. 
ence, I find, is owing to the proportion of the tuo 


kinds of air in the compound. It is only volatile 
when there is more than a due proportion of either 
of the conſtituent parts, In theſe caſes the ſmell 
of the ſalts is extremely pungent, but very different 
from one another ; being manifeſtly acid, or alka- 
Line, according N the e en each of theſe 
airs reſpectiv vely. 

Mira air adrmitted to alkaline air likewiſe 0C- 


caſione a whitiſh cloud, and part of the air was | 


abſorbed; but it preſently grew clear again; leaving 
only a little dimneſs on the ſides of the veſſel. This, 


however, 
union of 


falt formed 


two kinds of air, There was no other 
that 1 could perceive, Water being 


Ani (to, this mixture of nitrous and alkaline 


air preſently abſorbed the latter, and left the former 
poleſſed of it peculiar propenies. 

. Fixed air admitted to alkaline air famed ob. 
long and ſlender cryſtals, which croſſed one another, 
and coyered the ſides of the veſſel in the form of 
get · Nock. Theſe cryſtals muſt be the fame thing 
with - * chemiſts get * 
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| it be # kind of fit, formed by the 
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folid form, by the diſti 

Inflammable air. admitted to alkaline air xhibied 
no particular appearance. Water, as in the former 
experiment, abſorbed the . alkaline air, and left the 
inflammable air as it was before. It was remark 
able, however, that the water which yas admitted 
to them became whitiſh, and that this white cloud 
ſettled, in the form of a white Pants to the bot- 
tom of the veſſel. 

Alkaline air mixed with «: common air, and Landing 


lation of ſal armoniac with 


not. appear 1 that there was any uw 2. in 


the common. air; at it was as much diminiſh 
ed by nitrous air as beſore. The ſame was the 
caſe with a mixture of marine acid air and come 
mon air. | | 

Heving mixed air that. had been diminiſhed by 
the fermentation of a mixture of iron filings and 
ſulphur with alkaline air, the water abſorbed the 
latter, but left the formagg, with reſpect to the teſt 
of njtrous air (and therefore, as I conclude, vith 
reſpe& to all its properties) the ſame that it was 
before. 

Spirit of wine imbibes alkaline air as readily as 
water, and ſeems to be as inflammable afterwards 
as . | 


Alkaline 
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Alkaline air contracts no union with olive oil. 
They were in contact almoſt two days, without 
any diminution of the air. Oil of turpentine, and 
eſſential oil of mint, abſorbed a very ſmall quan- 
tity of alkaline air, but were not n changed 
by it 

Ether, however, imbibed alkaline air pretty free- 
ly ; but it was afterwards as inflammable as before, 
and the colour was not changed. It alſo evaporated 
as before, but I did not attend to this laſt circum- 
ſtance very accurately. | 
| Sulphur, nitre, common ſalt; and flints, were put 
to alkaline air without imbibing any part of it; 
but charcoal, punge, bits of linen cloth, and other 
ſubſtances of that nature, ſeemed to condenſe this 
air upon their ſurfaces; for it began to diminiſh 
immediately upon their being put to it ; and when 
they were taken out the alkaline ſmell they 
dontracted was ſo pungent as to be almoſt into] er- 
able, eſpecially that of the ſpunge. Perhaps it 
might be of uſe to recover ber from ebe 
A bit of ſpunge, about & big as a hazel nut, pre- 
ſently imbibed an ounce meaſure of alkaline air. 
A piece of the inſpiſſated juice of turn/ole was | 
made very dry and warm, and yet it imbibed a 
great quantity of the air; by which it contracted 
4 moſt pungent ſmell, but the colour of it was not 
N 

Alum 
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Aum undergoes a very — change by 
the action of alkaline air. The outward ſhape 
and ſize remain the ſame, but the internal ſtruc- 
ture is quite changed, becoming opaque, beauti- 
fully white, and, to appearance, in all reſpects like - 
alum which had been roaſted; and ſo as not to be 
at all affected by a degree of heat that would have 
reduced it to that ſtate by roaſting. This effect 
is produced ſlowly; and if a piece of alum be 
taken out of alkaline air before the operation is 
over, the inſide will be tranſparent, and the outſide, 
to an equal thickneſs, will be a white cruſt, 

I imagine that the alkaline vapour ſeizes upon 
the water that enters into the conſtitution of crude 
alum, and which would have been expelled by 
heat. Roaſted alum alſo imbibes alkaline air, and, 
like the raw alum that has been expoſed to it, ac- 
quires a taſte that is peculiarly diſagreeabſe. 

Phoſphorus gave no light in alkaline air, and 
made no laſting change in its dimenſions. It va- 
ried, indeed, a little, being ſometimes increaſed and 
ſometimes diminiſhed, but after a day and a night, 
it was in the ſame ſtate as at the firſt, Water ab. 
ſorbed this air Jul as if, wothny had been put 
to it. | 

In ſome e Mute yolddle alkak diſ- 
ſolves copper. This I alſo have obſerved in my 

5 account 
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account of the experiments in which I put ſome 
pieces of volatile alkaline ſalt to a quantity of com- 
mon air, at the time that I introduced nitrous air 
* to it. For, if the alkaline ſalt be ſupported by 
copper wire, it preſently becomes blue, and js ſoon 
corroded. I therefore chought that pieces of cop- 
per, expoſed to pure alkaline air, would have been 
affected in the fame manner; but 1 did not find 
this to be the caſe. A number of pieces of cop- 
per wire remained à whole night in alkaline air 
without ſenſibly affecting it, or being affected by 
it. That the alkaline air was pure, appeared by 
its being wholly abſorbed by water afterwards. * 

Having put ſome ſpirit of ſalt to alkaline air, 
the air was preſently abſorbed, and à little of the 
white ſalt above - mention d was formed. A little 
remained unabſorbed, and tranſparent, but upon 
the admiſſion of common air to it, it eee be- 
came white, 

Oil of vitriol, alſo firmed: a white ſalt with OY 
line air, and this did not rife in white fumes, - - 
Marine acid air, as I have obſerved, extin- 
guiſhes a candle. Alkaline air, on the contrary, 
I was ſurprized to find, is ſlightly inflammable 
which, however, ſeems to confirm the opinion 
of chemiſts, that the volatile alkali contains phlo- 

I dipped 
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I dipped a lighted candle into a tall cylindrical 
_ veſſel, filled with alkaline air, when it went out 
three or four times ſucceſſively ; but at each time 
the flame was conſiderably enlarged, by the addi- 
tion of another flame, of a pale yellow colour ; 
and at the laſt time this light flame deſcended 
from the top of the veſſel to the bottom. At an- 
other time, upon preſenting a lighted candle to the 
mouth of the ſame veſſel, filled with the fame kind 
of air, the yellowiſh flame aſcended two inches 
higher than the flame of the candle. The electric 
ſpark taken in alkaline air is red, as It is in com— 
mon inflammable air. 6 
Though alkaline air be inflammable, i it appear- 
ed, by the following experiment, to be heavier 
than the common inflammable air, as well as to 
contract no union with it. Into a veſſel contain- 
ing a quantity of inflammable air, I put half as 
much alkaline air, and then about the ſame quantity 
of marine acidair. Theſe immediately formed a white 
cloud, but it did not riſe within the ſpace that was 
occupied by the inflammable air ; ſo that this lat- 
ter had kept its place above the alkaline air, and 
had not mixed with it. "<4 
That alkaline air is lighter than acid air is evi- 
dent from the appearances that attend the mixture, 
which are indeed very beautiful, When acid air 
4 is 
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is introduced into a veſſel. containing alkaline air, 
the white Fun which ther, form appears at the 
bottom only, and aſcends gradually. But when 
the alkaline air is put to the acid, the whole be- 
comes immediately cloudy, quite to che top of the 
veſſel. 53 

In the laſt, place, 1 ſhall obſerve hn 
as well as acid, diflolves ice as faſt as a hot fire can 
do it. This, was tried. when both the kinds of air, 
and every inſtrument made uſe of in the experi- 
ment, had been expoſed to a pretty intenſe. froſt 
ſeveral hours. In both: caſes, alſo, the water into 
which the ice was melted diſſolved, "NGF, ice, to 2, 


conliderable quantity. * + 
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SECTION I, 


o the Mixture of all the Kinds of Arid Air with 
An. Air. 


Ts the fuor acid air faturates the FRE quan- 
of alkaline « air with vitriolic acid air, ap- 
peared in a courſe of experiments not made with this 
particular view, but deſigned to aſcertain the quantity 
of acid in all the kinds of acid air, I firſt 2 of 
ringed blue with the juice of curnſole, an an equal 
e of each of the kinds of air would turn red. 
vt it could. not have been detetmined' with ſo. 
much accuracy in this way, at leaſt not fo vi 72 
and demonſtrably, as by he” faturation of them 
kind alkaline air; 5 diminution of bulk being a * 
meaſured. T he reſult of theſe 9 1 5 | 
25 in u Ken reſpetts, rather extraordi 
fach a8, 1 imagine, no perſon wor 
jectured @ priori, At leaſt it was contrary to yy 
expectations. As I made theſe experiments in tyo, 
different ways, and the reſults, though agreeing in 


general, 
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general, differ a little, it may be proper to recite 
the particulars of both, | 
In order to determine what quantity of acid and 
alkaline air would faturate one another, I firſt filled 
a glaſs jar with quickſilver, and put into one mea- 
ſure (which was about an ounce meaſure and a 
half) of alkaline air, and then the lame quantity (be⸗ 
ing from the very ſame phial) of marine acid air; 
when the whole of both very nearly diſa „4 
quantity of Tal ammoniac being, formed. 1 then 
threw into the ſame jar another.meaſure of i marine 
acid air, and obſerved that it occupied about one 


ſixth leſs pace than the original meaſure . of alkaline | 


air; ſo that a little more of the acid than of. the al- 
kaline air had diſappeared. I then threw in the 
ſame meaſure of each of the kinds of air alternately, 


till 1 had, in all, five meaſures of each; after which 


hardly any air remained, except what was not. ab- 


ſorbed by water, which was about a fourth part of 


the original meaſure, and was very little different 
from common air; two meaſures of it and one of 


nitrous air occupying the ſpace of one meaſure and | 


a quarter, Upon the whole, therefore, i it may ſafely 
be concluded from this experiment, that equal 


quantities of theſe two . an- 
other. 


When 


dee e. 


een een. 
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When I pur a meaſure of vitriolic acid air to the 
alkaline air, I found that a given quantity of-the lat» 
ter was ſaturated, as nearly as I could judge, by 
half as much of the former. For when they were 
mixed in that proportion, the whole: quantity of 
both kinds of air entirely diſappeared. It was in 
making this experiment, always throwing in two 
meaſures of alkaline air for one of the vitriolic, that 
I got. the thick yellow coating of the inſide of the jar 
mentioned above, A eee d 
expoſed) to the open air. 
Making the experiment - in the une mne, 1 
alſo found that a meafure of alkaline air was com -- 
pletely ſaturated by half a meaſure of furor acid air, 
ſs that both intirely diſappeared. In this remarks 


able circummſtance the ſluor acid air and vitroilic acid 
air perſectiy agree; which appeared to me to afford a 
very ſtrong argument of their ultimate identity. 


Having put one meaſure of fixed air to one of al  - 
kaline air, the quickfilver roſe to half a meaſure; 
and when I introduced-another meaſure of fixed air 
no more was abſorbed ; and water being admitted 
to it, imbibed almoſt all the remainder; fo that 
half a meaſure: of fixed air had ſaturated a whole 
meaſure of alkaline- air. But the union of theſe two 
kinds of air is not effected ſo quickly as in the other 
caſes ; otherwiſe the whole of the alkaline air muſt 
have diſappeared, when half the quantity of fixed 
Vor. II. | Ce air 
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air had been admitted to it. Afterwards, making 
this mixture very gradually, one third of the quan» 
tity of fixed air Cy n rey 
kaline air. 

Laſtly, 1 filled the veſſel in which 1 had mes 
the preceding kinds of air, with red vapour of ſpirit 
of nitre, and put to it an equal quantity, and one 


fourth more, of alkaline air; when it- immediately 


became very turbid and white, and the quickſilver 
roſe within the veſſel. Then filling the ſame phial 

again with the red vapour, as nearly as I could in 
the fame manner, and admitting water to it, one 

fourth of the contents of the phial was ahſorbed. 
This, therefore, muſt have been the ſpace that 
would have been occupied by the pure nitrous va- 
pour, if there had been no common air mixed with 
it. Conſequently one meafure- of nitrous vapour, 
in fact, ſaturated about five meafures of alkaline air. 
But there is a conſiderable degree of uncertainty with 
reſpect to the real quantity of nitrous vapour in 4 
phial that is ſeemingly filled with it. Tit 

In the next ſet of experiments, without. taking 
equal meaſures both of alkaline and of the ſeveral 
kinds of acid air, I took equal meaſures. of the m_ 
airs only; and having a large jar of alkaline air, I 
endeavoured to find how much of it equal quantities 
of the ſeveral acid airs would ſaturate. The veſ- 
£l, which in all theſe caſes I filled with acid air, 
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contained — and the 
diminution of bulk in the jar of alkaline air (which 
was carefully filled a new in all the trials) by the 
ſeveral kinds ere as nearly een 


Knete rale = bobs b e 


abſorbed of the alkaline air 
— — - —vitriolic | 2 | 
— — TIM marine i ; 4s | | 
— —fixed air 0 16 


mp 


n bleed A hi leery Moby IC 
the caſes of the preceding ſet of experiments, more of 
the alkaline air would probably haye been ſaturated 
with it. 2 

1 "ould obſerye alſo, that, in "gat hes "th 
latter method of making the experiments, is leſs 
accurate than the other; as I did not make allow- 
ance for the different degrees of dilatation of the air 
aboye the quickſilver by the weight of the quick- 
| Gilver, in the jar above the level of the quicklilver 
without the jar. But to have ayoided this inaccu- 
racy, I muſt haye had a deeper veſſel, and more 
quickſilver than I happened to have at hand, But 
the reſults of the experiments, in both the methods 
0 agree ſo very nearly, that I have 
35 Cc a little 


” 230 
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nile doubt but thar the concluſions may be fuß. 
ciently depended upon. | 


That vitriolic acid air ſhould ſaturate more alka- 
line air than marine acid air can do, is agreeable 


enough to the obſervation of the quantities of wa⸗ 


ter they reſpectively faturate; the difference betyeen. 
them, though much greater in this caſe, being in 


the ſame way as in the other. For an equal quantity 
of water will imbibe ten times as much marine acid 
air as of vitriolic. Water vill alſo take little more 
than its bulk of fixed air; ſo that a given quantity 
of alkaline air ought, for the ſame reaſon, to take 
leſs of this, than of any other kind of acid air, 
which agrees with the experiment. And yet, con- 
ſidering the apparent trengtbh of the acids, one 
would imagine that the vitriolic, which, in this 
form, 1 is weaker than the marine, ſhould ſaturate 
lefs of the alkaline air; and again that the fixed” air, 
being the weakeſt of all the acids, ſhould Aaturate 
the leaſt quantity of alkaline” air. But the former 
view, in which the experiments' do not appear at 
all extraordinary, is, in fact, more agreeable to the 
analogy of the ſaturation of water with theſe acids; 
and the difference in the proportion abſorbed of 
each of them, correſponds to the difference of the 
ſpecific gravities of water and ir. But 1 "th hot 
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Took the electric fiat , Wd 

tity of alkaline air, and obſerved, that ever 
ſtroke added conſiderably to the quantity of air; 
and when water was admitted to it, juſt ſo much 
remained unabſorbed as had been- added by the ex- 
ploſions. I then took about an hundred exploſions 
of the ſame jar, in a larger quantity of alkaline air; 
after which, ſo' much of it remained unabſorbed by 
water, that I could examine it with the greateſt cer 
tainty. It neither affected common air, nor was 
affected by nitrous air, and was as ſtrongly inflam- 
e 5 

In the next place, I aſcertained the quantity of 
inflammable air that may be produced from any 
given quantity of alkaline air. And this production 
having its limits, certainly ſhews that the · alkaline 


air ſupplies ſore eſſential part in the conſtitution 
ie * 


* 
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To take my meaſures with more accuracy, I, at 
this time, confined the alkaline air in a glaſs tube, 
of the ſame dimenſions throughout ; and having it 
confined, as 1t neceſſarily muſt be, by quickſilyer, 

I carefully marked the ſpace which it occupied in 
the tube. I then took the electric ſpark, or explo- 
ſion, whichever of them happened to be the moſt 
convenient, till I perceived that no more addition 

was made to the quantity of air; and then meaſur- 

ing the ſpace which it occupied, I found that the 
Whole yas, as nearly as poſſible, three times as much 
as tel which the alkaline air alone had occupied, 

* When I examined this air, I found it to have an in- 

flammability of the ſtrongeſt kind, firing with ex- 
ploſions, and in no reſpect to be diſtinguiſhed from 
that which is extracted from metals by acids, Alſo 

| the electric ſpark taken in this air was always red, 

though, as is alſo the caſe with other inflammable 

air, it was white in the centre of any conſiderable 
exploſion taken in it. 
After. this experiment it {till remained a | doube | 
-whether, when the proceſs was completed, there 
did not remain, at leaſt, ſome portion of alkaline 
air not affected by it, and capable of being abſorbed 
by water afterwards, To determine this, and like- 
wiſe to repeat ſo important an experiment upon a 
larger ſcale, I began with one third of an ounce 
meaſure of alkaline air, and ] took the electric ſpark 
jo mn 
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in it till I had got a complete aunce meakurg,of air, 
Then admitting a little water to it, I obſerved with 
the greateſt attention, but could not. perceive that 
any part of the air was abſorbed. by it. However, 
when I had made this air explode, by means of the 
flame of a candle, and immediately after applied my 
noſtrils to the mouth of the veſſel in which it had 
been contained, I perceived a very evident alkaline 
ſmell ;- fo that the whole of the volatile alkali had 

not been completely incorporated with this ain, 
though it was ſo much ſo, as not to be ſeized by 
the tuater. And to give it a fairer trial, this water 

had been confined along with the air, upon the 
quickſilver, and had been even frequently agitated 
with it, during two whole days; and though it was 
but a very ſmall quantity, it had no een al- 
kaline ſmell aſterwards. 

When ! reflected upon ons of ths es 
line air by the electric exploſion, I conſidered that it 
might be produced either by elettricity as ſuch, or 
by the ligbt, or the heat, which accompany the e- 
periment, In order to try the effect of ligbt, I ex- 
| ow a ſmall quantity of alkaline air to a ſtrong light 

made by a burning lens, for ſeveral hours. But 
this made no ſenſible change in the quantity of it. 
I therefore concluded that the proper agent in this 
Rs was not . 
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I did not immediately proceed to try the effect of 
heat, but obſerved it by accident ſome time after- 
wards, in the following manner, At the time 


that I was reviving metals in inflammable and al- 


kaline air, I put a quantity of ochre into the latter, 
expecting to revive it in the farm of iron; and in 


this 1 ſeemed to ſucceed, as the ochre became black 


in the courſe of the proceſs. But what ſtruck me 
the moſt was, that inſtead of perceiving che quan- 
tity of air to decreaſe, as I had expected, there was 
very ſoon a viſible increaſe of it, Examining the 


ſttrongly inflammable. | 

Still attending to other circumſtances beſides the 
change of the alkaline air, -I proceeded to heat in' it 
ſeales-of iron, and iron itſelf, Wages 04 we 
ſtill found that the air was increaſed in quantity, and 


changed in its quality. But in this way I could 


never increaſe the bulk of the air more than twice, | 


and ſeldom quite ſo much. Alfo, after the pro- 
. cefs, when I could make no farther change in the 


air, I ſtill perceived a very ſtrong ſmell of volatile 
alkali. The iron had undergone no change that 1 


| could diſcoyer, ſo that I concluded that the air had 
deen affected by means of beat only. 


Io aſcertain this, I then proceeded to heat in the 


alkaline air bits of dry crucibles, or of earthen re- 
"Oy which had been juſt very: e to very 


en 


air, I found it to contain no fixed air, ne all 
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great heats, ſo that they could not be ſuppoſed to 
give out any air in this proceſs, and therefore could 
only ſerve to produce a ſtrong heat in the alkaline 
air. The reſult ſeemed to confirm my ſuppoſition, 

For in theſe experiments with carthy. ſubſtances” 
the effect was always the fame as when I had made 
uſe of ochre or iron. The air was increaſed in 


Thi (iis . t ace wars; ads 
become black in this proceſs, I ſuſpected that this 
kind of fubſtance might have affected the air in 


ſome other way than by merely communicating - 
heat to it. eee 
of crucible again and again, and finding the 
effect from heating it at the laſt, as at 
could not help concluding that the 
duced in the air ld u e by means of | 

heat only. | 
In all theſe experiments, SHOT WT 3” 
ſtrong light as well as an intenſe heat concerned. 
In order to aſcertain, therefore, whether the light, 
at leaſt in conjunction with heat, might not have 
had ſome effect in this change of the air, I heat- 
ed a quantity of it in a coated green glaſs retort. 
The mouth of the retort was plunged in a baſon 
of mercury, and 1 xeccived in 2 glaſs tube filled 
with 


with water: all the air that was driven out of the 

| retort by heat. At firſt it was all abſorbed by 
the water; being merely alkaline air expelled by 
rarefaction. But when I concluded that the bulb 
*of the retort was become red hot, the bubbles that 
were driven out were not wholly abſorbed by wa- 
ter, and by degrees no part of them was abſorbed, 
This air I examined, and found it to be inflam- 
mable. The retort was melted in the proceſs, ſo 
that I could not examine the air that remained in 
it; but my purpoſe was ſufficiently anſwered, as 
I ſaw no room to doubt, . but that the change of 
the alkaline into inflammable air was produced by 
mere heat, without the aid of light, if a red heat 
can be ſo termed. How .the heat operates in un 
caſe I cannot tell, 5 
It was obſervable, that whenever I changed al 
kaline air into inflammable, by heating in it bits 
of crucibles or retorts, into the compoſition of which 
e/ay enters, they always became black. There was 
room, therefore, to ſuppoſe that it was not by 
means of more heat that this change was made, but 
that ſomething might be depoſited from the air, 
which might attach itſelf to the clay. Indeed, if 
this was not the caſe, I do not ſee why the clay 
| ſhould become black; though, perhaps, part of 
the ſame phlogiſton which forms the inflammable 
f | 2 1 alr 
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air may be attracted by the red hot clay, with 
Aut have bins oy nie, ES EE | 
air, 

That this oe dn hens Mobile en be : 
experiment in which I uſed white porcelain, in- 
ſtead of bits of earthen ware, into the compoſition 
of which clay enters. For this ſubſtance did not 
become black in the proceſs, and yet inflammable 

air was produced, But I muſt obſfrve, that a con- 
ſiderable time was requiſite to produce this effecxk 
in theſe circumſtances, and that it was not much 
inflammable air that 1 was able to procure in this 
way. It was, however, in winter, and the heat 
that I could. apply was not great. 

Alkaline air is converted into inflammable air 
by making it paſs. through a red hot earthen tube, 
as well as by the electric ſpark, but by no means, 
I think, in ſo great a degree. I put two ounces 
and ten pennyweights of water, pretty ſtrongly im- 
pregnated with alkaline air, into the retort, and 
heating it, ſent the vapour through - the hot tube; 
when 1 collected two ounces three pennyweights 5 
of liquor, which had a diſagreeable empyreumatic 
ſmell, as well as that of volatile alkali ; and it 
was quite opake with a black. matter which 
ſubſided to the bottom of the veſſel. Alſo 
the tube through which the air and vapour 
Low been conveyed was ft quite, _ 
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One of the junctures in the apparatus not having 
been air tight, I did not collect all the air; but 
it came only at the beginning of the proceſs, and 
before the tube became black, or any liquor was 


diſtilled ; and it was all ſtrongly inflammable. 


SECTION V. 
The Analyſis of Alkaline Air. 


TR alkaline air contains phlogiſton appeats 
both by the calces of metals being revived in 


it, and by its being converted into a ſpecies of in- 
flammable air, by the electric exploſion, and other 
proceſſes, By the following experiments it ſeems 
to contain leſs phlogiſton than an equal bulk of 
inflammable air from iron, and about one fourth 
of its bulk of phlogiſticated air. But it is not poſ- 
ſible to aſcertain this with perfect exactneſs, from 


the nature of the proceſſes. I ſhall therefore recite 
the experiments in the order in which they were 


made, ann 
accurate. 


% 


' f 1 firſt, 
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in ſome of theſe experiments, contained a portion 
heat; but when: 1 melted it in alkaline air, by 
which means the lead was always revived, I found 
no fixed air in the reſiduum, but only pure philo- 
giſticated air. This, however, is caſily accountee 
for, as the alkaline air would immediately unite» 
0 
proceſs. | * Ur. 
Ak dees A derbe eee us id ec 
akaline air, it is difficult to be aſcettained, on tuo 
accounts. In the firſt place, ſome of che ca in 
blackened, and imperſectiy revived ; and again, if 
particular eare be not taken, the lead that is revived 
vin be diffolyed-in.the mercury, by which the ait 
muſt neceſſarily; be confined.” To prevent this laſk 
inconvenience, I put the poWllered maſſicot into 
ſmall earthen cups, which I contrived to place with, - 
| their mouths, upwards, ſo that when the lead was 
main in the cup; and not mix with the mercury 
however, the largeſt quantity of lead that was re- 
vived en een eee 
truth. 5 
A mie wecken Une air; 1 firſt 
review Gu: graine of Jead, then in three en 
a half 


| vin 
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a half ſixteen grains, in two ounces and à half 
thirteen grains, and, in three ounces three fourths 
twelve: grains. In five ounce meaſures I teyived 
ten grains, | beſides blackening! a quantity of it, 
and there remained one ounce meaſure of -phlo« 
giſticated air. But the experiment which I'mate 
with the moſt care, ME eee | 
mae was the following. 

In ſeven ounce meafures and à half of alkaline 
| air, 1 revived twenty ſix grains and a half of lead; 
and there remained two ounce meaſures and a half 
of phlogiſticated air. In this proportion 100 ounce 
meaſures of alkaline air would revive 352 grains 
of lead; whereas 100 ounce meaſures of inflam- 
mable air from iron would revive 480 grains of 
lead. But alkaline air is reſolvable into conſider- 
ably more than twice its bulk of inflammable air, 


and therefore it might have been expected that ir 
would have revived much more lead. Would it 
not; therefore follow from this, that phlogiſticated 
air contains a very great quantity of phlogiſton; 
many times more than an equal bulk of pure in- 
flammable air. Suppoſing alkaline air to be re- 
ſolvable into no more than twice its bulk of in- 
flammable air, a hundred ounce meaſures of it 
ought to revive 960 grains of lead. But in the 
proportion mentioned above, it would revive no 
more chan 605 grains. As much phlogiſton, there 
Hels fore, 
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fore, as would revive 342 grains of lead (which is 
the difference between theſe, two numbers) ſhould 
be contained in about twenty five ounce meafures 
of phlogiſticated air, | Conſequently, a hundred 
ounce meaſures of phlogitticared air would revive 
1368 grains of lead, which is more than twice a 
much as an equal quantity of pure inflammable 
air would revive. It muſt, however, be conſidered, 
that the inflammable air, into which alkaline air is 
reſolvable, is not the ſame with that which is pro- 
cured from iron, and may contain much leſs War 
giſton,, 
1 To. cheſs experiment, n thei S0 d 
in alkaline air, I ſhall fubjoin an account of ſome 
that were made with other calces, heating them all, 
when confined by this: ui nn Ann 
lens. 1 btu 
laß of amimany abforbaliſa part of. the-alkas 
line air, and there was the appearance af metal 
an ſeveral ſmall globules, whereas I could get no 
ſuch, appearance from the ſame ſubſtance in kun 
mable air. 24 
By heating ſcales of iron in alkaline air, it hve 
much increaſed in quantity, and then I found /it-to 
| Fontain no fixed air, but the whole was ſtrongly 
jaflammable. No water was produced in this pro- 
ceſs. The iron was revived, being perſectly ſolu- 
Wn in diluted oil of vitriol; and from being twenty 


four 
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four grains had Joſt one grain in weight, It is 


evident" from 'this' experiment, that there" is water 


in alkaline air. 

As alkaline air evidently contains phlogiſton, and 
as ſuch was capable of reviving lead, and no doubt 
the other metals, I had the curioſity to make uſe 
of it in other circumſtances in which I had before 
uſed inflammable air; and among other things I 
tried the effect of heating red precipitate in it. 
The conſequence was, that the mercury was re- 
vived, and at the fame time a conſiderable quan- 
tity of water was produced. It has even run down 
in drops in the inſide of a veſſel which contained 
about five ounce meaſures of the air. The air 


and it had in it a,quantity of undecompoſed de- 
phlogiſticated air. or with two equal meaſures 
of nitrous air, the ſtandard of it was 1. 4, and there 
was nothing inflammable in it. | 


Again, I threw the focus of the is YL 
precipitate, in alkaline air, till three meaſures -of 


it were reduced to two. Water was produced in 


the proceſs, and the air that remained was con- 


ſiderably dephlogiſticated ; the ſtandard of it, with 
. ann 


n 


But 


which remained aſter this proceſs was about half 
as much as the original quantity of alkaline air, 


| 
Set, V. ALKALINE AIR. 40¹ 


But in another experiment of this kind, there 
muſt have been a quantity of inflammable air ſet 
looſe from the alkaline air, as well as dephlogiſti- 
cated air from the red precipitate; becauſe, after 
the operation had continued ſome time, there was 
a violent exploſion within the veſſel; which threw- 
it many feet perpendicularly into the open air, as 
I was holding it in my hands. In this experiment 
I had been particularly careful to make every thing 
concerned in it as dry as I poſſibly could, in order 
to ſatisfy myſelf with reſpect to the production of 
the water which I had found before; and there 
was time enough before the exploſion to obſerve 
that water was certainly produced in the proceſs. 
To appearance the quantity of air was never much 
diminiſhed. | | 
That water ſhould be produggd when the ſcales 

of iron are heated in alkaline air, which I found to 
be the caſe, is not extraordinary, as the ſame; is 
found on heating this Tubſtance in inflammable air; 
and it appears to contain within itlelf the water 
chat is expelled from it. 11s 31 

In this caſe it muſt have come, in part from 
the alkaline air, which J have obſerved, certainly _ 
contains it, and in part from the precipitate ; and 
ſince it is capable of yielding dephlogiſticated air 
by heat, it muſt contain water, which enters in a 
great proportion into this kind of air. 

Vol. II. Dd BOOK 
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MISCELLANEOUS EXPERIMENTS AND o- 
SERVATIONS RELATING TO AIR, 


SECTION I. 


"Of ib fie Few of Subſtances. 


Tuc. Kiice the accidental diſcovery of 
the marine acid air, I have purpoſely ſought 


ſor others, and not without ſacceſs, having found 
ſeveral other kinds of acid air, beſides the altalin 
principle, which I have alſo been able to Exhibit in 
water, I by no means conclude that I have diſ- 
covered all the kinds of air that may exiſt in nature; 
or, in other words, all the kinds of ſubſtances, ſim- 


ple, or compound, that are —Z— of r 90 
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duced. to A: dry and permanently elaſtic vapour. 
: For I believe there is nb. ſubſtance in nature but 
what is capable of aſſuming chat form, in a certain 
degree of beat. And though my experience in theſe 
matters might enable me to judge pretty well 4 
priori what ſubſtances are likely to yield air and 
of what kind it will be, I have frequently been 
exccedingly diſappointed in my expectations in this 
reſpect; and I have reſerved; for this place the ment 
tion of ſeveral ſubſtances, and combinations of ſub- 
ſtances, which, in general, contrary, to my expecta 
tions, though not always ſo, yield no air chap I can 
diſcoverg and I ſhall be gd che ere 
any perſon au nen do not 00:1), een 28 

1. Having expelled a permanently elaſtic fluid, 
to which I give the name of air, from ſpirit of ſalt, 
volatile ſpirit of ſal ammoniach and other fluitles : 
took it for granted, that from radical vinegar, which 
is the pure vegerable acid, in its ſtate of greateſt con» 
centration, I ſhould have got a true vegetable acid 
air ; but it certainly yields no ſuch thing by the 
application of heat only. Though radical vinegar 
yields air by the diſſolution of ſome metallic ſub- 
ſtances, I could, not make it give any alr by the 
help of any other ſubſtances containing phlogiſton, 
which is the caſe with oil of vitriol; and I gave 
1, for this purpoſe, a boiling heat, with all the 
n following, viz. copper, quictſulver, bif- 
4 D d 2 muth, 
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muh, charcoal, oil of turpentine, ſpirit of wine, and 
liver f ſulphur, A nne ul hace: 
fixed air; . Woe” ENT 
it beſore 17 
„ K. 1 was hani ever more furprized FOE 
I found that I could get little or no air from the 
ſmoking liquor "of Labavius, though the fume iſſuing 
from it is ſo exceedingly denſe. I heated a con- 
ſiderable quantity of this liquor prepared by Mr. 
Woulfe, and which he obligingly brought me for 
the fake of the experiment, which he himſelf ſug- 
geſted, as not likely to fail. This I did in a glaſs 
phial with a ground ſtopper, intending to receive 
the produce in quickſilver. But little or nothing 
lodged in the top of the phial, and which appeared 
not to have been in the leaſt injured after the ex- 
periment. A very ſmall part, however, of what 
came over, ſremed to be abſorbed by water; and 
alſo when, in the preſence of Mr. Woulfe, I en- 
deavoured to convey the air that might be expelled 
from this liquor into a quantity of alkaline air, a 
flight degree of | whiteneſs was produced. But both 
theſe effects might have been occaſioned by a 
* lietle redundanc ſpirit of ſalt ne in ung . 
_ 
11340 I tiave not yet been able to ue 
the fixed or the volatile 1 with any ſubſtance 
whatever 
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whatever, ſo as to form a permanent air, though 
the alkaline- principle itſelf may be exhibited in that 
form. Some facts had been mentioned to me by 
Mr. Woulſfe, which led us both to conclude; that 
air might be procured from it by means of a ſolu- 
tion of iran. But when, in conſequence of this 
hint, I endeavoured to procure air from iron by 
- means. of the alkalis, the experiments which I made 
for this purpoſe did not ſucceed. | I boiled a quan- 
tity of very fine iron wire in cauſtic fixed alkali, 
after finding that nothing could be produced from 
it without heat; and I put another quantity of the 
ſame wire into à ſtrong volatile ſpirit of ſal am- 
moniac, and alſo let ſome of it remain about a 
month in alkaline air; but in all theſe caſes, with- 
out any viſible effect. At the end of the laſt- 
mentioned proceſs, water being admitted to the 
air, abſorbed the whole of it inſtantly, which ſhewed 
that it was perfectly pure, and had got nothing 
from the iron. Alſo, no air was produced from 
liver of ſulphur, dry or moiſt, in alkaline air; and 
they continued together almoſt two days. 

4. I expected to have expelled ſome kind of air 
(and at that time thought it not impoſſible but it 
might be even phlogiſton itſelf in the form of air) 
from ſpirit of wine. But, like water, it was only 
converted by heat into vapour, which was con- 

Dd 3 denſed 


406 


denſed again in the cool recipient. The addition 
of aampbor to it produced no otlier effect. 
5. was not without hopes, at one time, that 
the! matter of the adbriferous particles, which affect 
the ſenſe of ſmell, might have been exhibited'in 
the form of permanent. air, as well as the exhala- 
tions of acid or alkaline ſubſtances; but though I 
made the experiment with ſeveral odoriſerous ſub. 
ſtances, ſome grateful, and others offenſive to the 
naſtrils, it has hitherto been without any effect. 
An moſt ſincerely wiſh that the | reaſon of theſe 
phenomena 1 tully- inveſtigated, as ſuch an 
inveſtigation, if ſucceſsful, would probably carry 
us a good way into the knowledge of the ultimate 
conſtitution of natural bodies, and help us to ex- 
plain ſome of the moſt fundamental laws reſpecting 
them. Hitherto I do not find (line ties mien = 
even been 88 nx r now 
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1 
SECTION II. 


Experiment relating to the ſeeming Carverfon 1 
| Water into Air“. 


gixcr many perſons have expreſied A vin to 
be acquainted with the experiments I have 


lately made, which at firſt ſeemed to favour the 
idea of a converſion of water into air, but which ter- 
minated in the diſcovery of a fact, in my opinion, 
ſtill more extraordinary, 1 ſhall ſubmit to the Royal 
Society the reſult of the obſervations I have al- 
ready made; though, as yet, I have by no means 
been able to ſatisfy myſelf ſo fully as I could wiſh 
with reſpect to ſome particulars connected with 
the ſubject. All the fa#s which I ſhall ſtate may 
be depended upon ; but it is probable, that different 
perſons may draw different conclufions from them; 


and to mere opinions, [ have never ſhewed myſelf 
much attached, | 


* This fe8tion is taken from the Philoſophical Trinſaions 
vol. ri. p. 414. 
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Having formerly obſerved ſeveral remarkable 
changes in fluid ſubſtances, in conſequence of long 
expoſure to heat in glaſs veſſels hermetically ſealed, 
I then formed a deſign of expoſing all kinds of ſolid 
ſubſtances to great heats, in a ſimilar ſtate of con- 
finement; and for that purpoſe provided myſelf 
with a caſt iron veſſel, which J could cloſe at one 
end, like a digeſter, and of ſuch a length, that one 
of the ends might be red hot, while the other was 
ſufficiently cool to be handled. To this end there was 
a cock connected to a tube, by means of which I could 
let off ſteam, or air, in any period of the proceſs, 

T imagined, that when ſubſtances, conſiſting of 
parts ſo volatile as to fly off before they had at- 
tained any conſiderable degree of heat, in the uſual 
preſſure of the atmaſphere, were compelled to bear 
great heats under a greater preſſure, they might 
aſſume new forms, and undergo remarkable changes, 
ſimilar to what we may ſuppoſe to be the caſe 
within the bowels of the earth, where, by means 
of ſubterraneous fires, various ſubſtances bear ME 
| heats under very great preſſures. 

1 have had this inſtrument ſome years; but it 
was fo ill conſtructed, that I could not make the 
uſe of it that 1 had originally intended, I there- 
fore lately fitted up ſome gun barrels in the ſame 
manner, and made wy fiſt experiment with lime 
. ſtone; 
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ſtone ; expecting that when the fixed air, and other 
volatile matters, that might be contained in it, 
ſhould be compelled to bear a red heat, without a 
poſſibility of making their eſcape, the ſubſtance it- 
ſelf might undergo ſome change ; but I had no par- 
ticular expectation concerning . the nature of that 
change. I had, however, been ſo oſten favoured 
with valuable reſults, from merely putting things 
into new ſituations, that I was encouraged to make 
the experiment; but I found an unexpected diffi 
culty in getting a cock that would be air-tight, and 
ſteam-tight, under ſo great a peer as I wiſhed 
to apply. 

J was mentioning theſe ideas to Mr. Watt, in 
whoſe neighbourhood I have the - happineſs to be 
ſituated, when he mentioned a ſimilar idea of his, 
viz. that of the poſſibility: of the converſion of wa- 
ter, or ſteam), into permanent air; ſaying, that ſome 
appearances in the working of his fire engine had 
led him to expect this. He thought that if ſteam 
could be made red hot, ſo that all its latent heat 
ſhould be converted into ſenſible heat, either this or 
ſome other change would probably take place in its 
conſtitution, The idea was new to me, and led me 
to attend more particularly to my former projects of 
a ſimilar nature, and I began with lime ſtone, wiſh- 
ing to try the effect of giving a red heat to lime, in 
which water only ſhould be previouſly combined, 
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thinking it might poſſibly have the ſame effect with 
making the water itſelf red hot. 
. Accordingly, I took a quantity of well ad 


lime, and mixing with it a little water, out of 


which all air had been carefully boiled, I expoſed it 
gradually to a ſtrong heat in an earthen retort, ſuch 
as I had been uſually ſupplied with by Mr. Wedg- 
wood (who is as much diſtinguiſhed by his love, 
and generous encouragement, of ſcience, as he is by 
his improvements in his own curious art) not imagin- 


ing that it could make any difference whether the 


lime, ſo prepared, ſhould receive its heat in an 
earthen retort, or in a veſſel of iron or glaſs. Pro- 
ceeding, however, in this manner, I found that 
nothing came over in the form of Seam, but that 
there was a great quantity of air, ſeveral hundred 


times more than the bulk of the water, and at that 
time there was in it a conſiderable proportion of 


fixed air, which I imagined might either be that 
which had not been ſufficiently, expelled before, or 
might be compoſed of ſome phlogiſtic matter con- 
tained in the lime, and the purer air that was yielded 
by the water. For I own I then concluded, that 


the air which I got (and which, when the fixed air 


was extracted from it, was ſuch as a candle would 
juſt burn in) came from the water, eſpecially as in 
ſome of the proceſſes, the weight of the air I caught 
ww =_ * if not quite equal to that of the 
Eu. water, 


4 
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water, and interpoſing a large glaſs balloon between 
the retort and the recipient for the air, I obſeryed 
that it remained perfectly cool and dry during the 
whole proceſs ; and ſeveral hours afterwards there 
was not the leaſt moiſtyre condenſed in it. I alſo 
received a quantity of another produce of air, made 
in this manner in mercury, and having viewed it 
with the greateſt attention, obſerved that, after 25 
yeral days, it never depoſited the leaſt moiſture. 
I then calcined a quantity of natural . 

with this glaſs balloon interpoſed in the ſame man- 


ner, and found no water, but only air to come from 


it, though the ſtone is generally ſuppoſed to con- 
tain water. But when I uſed much more than half an 
ounce of water to the quantity of Whiting or lime 
3 J always had ſome water come 
| over, though very little Chet cad Ie, 

tiry made uſe of, - a 
I did got fl} 0 extitninic whicher nee haft 
any loſs in the weight of the lime, or whiting, -in 
order to determine whether any part of theſe ſolid 
ſubſtances had entered into the compoſition of the 
air; but I found much difficulty jn weighing them 
with exactneſs, after ſnaking them out of an earthen 
retort, into which I could not ſee, and to which 
part of theſe earthy matters often adhered, ſo that 1 
could not obtain much a. even when 1 
broke 
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broke the retort. Beſides, there was always ſome 
loſs of the earth in the cloudineſs of the air, when- 
ever the production of it -was rapid. In a future 
proceſs I had abundant proof that the air did not 
come from any carthy matter with which the water 
had been combined. | 
Hitherto I had no idea but that ail. thes une | 
| ceſſary to the converſion, as I concluded it to be, of 
water into air, was to give it a red heat, without 
which it would not quit the calcareous earth; and 
I imagined that by this means the matter, or prin- 
ciple, of beat was ſo intimately combined with it, as 
not to be ſeparated from it by cooling, as in the 
caſe of ſteam. But I, as well as all my friends, was 
a long time utterly diſconcerted upon finding that 
when I put the whiting and water into a coated glaſs 
retort, the water came over in the form of ſteam, 
and little or no air was produced. The reſult was 
alſo the ſame when I made the proceſs in a gun bar- 
rel, in a porcelain retort, or even in an earthen re- 
tort glazed in the inſide. 

That the earth had not loſt its peotury of Jing 


its part in the buſineſs, I found by putting more 
water to the ſame whiting which had failed in the 


glaſs retort, and which had been uſed no leſs than 
four times before, and then heating it in an earthen 
xetort ; when again it gave air only, and no water, 
92 1 | the 


* 
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the ſame as before. And at this time I obſerved; 
that part of the air was hardly to e 4 
from that of the atmoſphere. 

I cannot expreſs my ſurpriſe at ity eng UBER; 
failure with the glaſs retort ; and my ſpeculations 
on the ſubject were various, but at that time altoge - 
ther ineffectual. Among other things it occurred 
to me that, poſſibly, ſome phlogiſton, either con- 
tained in the earthen retort, - or coming through it 
(though I could not tell how, or on what principle) 
from the fire, might be neceſſary to water, and all 
other - ſubſtances aſſuming the form of air. But 
when, with this idea, I put ſpirit of wine, oil, or 
iron filings to the lime, I got nothing from theſe 
mixtures in glaſs retorts beſides ſteam and inflam-- 
mable air, from the decompoſition of theſe ſub- 
ſtances containing phlogiſton. 

That there was nothing the nk of which 
the earthen retort was made, that neceſſarily produced 
the air, was evident from my not ſucceeding when 
I pounded a broken retort, and heated Wen 
with water, in one of glaſs. | , 

Being lafiaked that the produRtionofair depended: | 
an nnd unn ee aſl I thought of uſing 
the retort only with water, but without any lime, 
or earthy ſubſtance ;- and I found it ſucceed far be- 
yond my expectation. For when I put a fmall- 
. into Wannen and en- 

1 deavoured 


$14 . * 1) MISCELLANEOUS - 


Book VII. 
deavoured to diſtil it gently, I never failed to pro- 
cure about an hundred ounce meaſures of air; and 
this I could do as often as I pleaſed, with the ſame 
tetort, and without its loſing any weight; and the 
Air produced in this manner never had any portion 
of fixed air in it, and was always but very little in- 
ſerior to that of the atnoſphere. 
In all theſe proceſſes I obſerved, that very little 
the water that could 
be poured out of the retort was evaporated, for the 
difference in the produce was very little, whether I 
expoſed the retort to the fire quite full of water, or 
with only about an ounce meaſure of water in it, or 
even after letting it remain full for a ſhort time, and 
then pouring out all that 1 could from it ; fo that it 
was only that water which was entangled, as it 
were, in the pores of the retort, and which had been 
in ſome meaſure united to the ſubſtance of it, that 
had contributed to this production of air. 
- Theſe retorts (which Mr. Wedgwood informs 
me are made of a mixture of freſh and of burnt De- 
- yonſhire pipe clay) are pervious to water, though 
not to air; ſo that while the air is produced from 
that water which has entered the pores, the reſt is 
ſometimes viſibly making its eſcape in the form of 


- copious ſmoke on the outſide. It was evidently 


impoſſible, however, as T then thought, and contrary 
1120006 rata amet, 
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the ſame pores by which the water or ſteam was'eſcap- 
ing, and at the ſame time that its endeavour to force'irs 
way out of the retort was ſuch that it overcame a con- 
ſiderable reſiſtance from the column of water, at the 
mouth of my recipients. © Air might have  geaped 
through any unobſerved pores in the retort,” but 
none could have extered that way; and if there was 
the leaſt ſenſible crack in any part. of the retort, I 
was never able to collect any air atall®, 

. But the following experiments ſhewed, as I thought, 
that it is ſufficient for the production of air that 
ſteam come into contact with clay ſufficiently heated. 
Between a copper ſtill and the glaſs tube 'communi- 
cating with my recipient for air, I introduced the 
ſtem of a tobacco pipe; and by means of à ſmall 
furnace, I kept about three inches of the middle 
part of it moderately red hot. In this ſtate, making 
the water boil, I uniformly received air, though - 


mixed with ſteam, at the rate of five ounce meaſures 


when J let the pipe cool, nothing but ſteam was 1 
delivered by it without any. air at all. There was 
no fixed air in this produce, and it was all ſuch as a _ 
candle would hardly have burned in it. It might, 1 
thought, have been better, and alſo more in quan- 


3 
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md e eee x 4 nenn 


"thy, - 


416 MISCELLANEOUS Book VII. 


tity, if I had not uſed the ſtem of a foul pipe. But 
when I uſed a clean pipe in the ſame manner, I did 
not find the air much, if at all, improved. Suſ- 
pecting this to ariſe from the near contact of the fuel, 
I incloſed the tobacco pipe in an earthen tube, and 
then I had air as good as I had generally got in the 
earthen retort, and not much worſe than that of 
the atmoſphere. 

Another circumſtance I dived was, that if the 
outſide of the veſſel which contained the water or 


ſteam, through which it paſſed, when the requiſite- 


heat was applied to it, was not dry, or perhaps 


ſurrounded with good air (for in thoſe circum- 
ſtances the following experiment differs from the 
preceding ones) the experiment did not ſucceed. 
When J put the ball of an earthen retort, filled 
with moiſt clay, into an iron digeſter, and applied 
heat to it, I got only a very little fixed air (which 
was probably compoſed of a ſmall quantity of air 


beginning to be produced from the materials) and 
inflammable air from the veſſel. All that came 
over beſides was ſteam, and at laſt eee air 


from the veſſel itſelf. 

Being now able to procure air ee, 
ter, in this moſt ſimple method, viz. by water only 
in the” earthen retort, I had an opportunity of aſcer- 
taining, with great eaſe and exactneſs, ſeveral cir- 
cumſtances relating to the proces, and of obviating, 

8 as 
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as I thought, ſome objections to the concluſion that 
I had drawn from it. Among other things, 1 fully 
ſatisfied myſelf that the earth of the root contributed 
nothing at all to this production of air, but che 
toater only : for having uſed the ſame retort till 1 
had got from it nearly an ounce weight of air, or 800 
ounce meaſures, I found that it had not loſt ſo much 


as 4 ſingle grain in weight. After the firſt proceſs 


it weighed juſt three grains more than it did at fitſt; 


and it continued to weigh the ſame till after the laſt 


proceſs. This ſmall addition of weight © might 


been imbibed by the neck of the retort, 'where the 


proerſſes were over, I kept the whole retort in a 
red heat for ſeveral hours, and then found that, beę- 


fidesloſing thoſe three grains; it weighed eight grains | 


| Jeſs than it did at firſt. 


"Before this Thad found, ee a.” | 
which 1 had uſed in the firſt experiment, could not, 
as ſorne had ſuppoſed, attract from the atmoſphere, 


any conſiderable part of the air which 1 got froth it, 


made uſe of) did not attract more than eight grains 


of any thing when it was expoſed a whole day in an 
loſt more than half is 


open diſh, though it had 
weight in calcination. 


Vol. II. Kay ERR 


_ eaſily have come from u little of the water having 


Hear of the fire could not teach it. "When all the - 
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aſter combining water with it: for two ounces of 
the whiting (which was the quantity that T generally. 
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It had been imagined by ſome, that the air which 


1 got in theſe earthen retorts was that which had been 


attracted from the atmoſphere by the inſide ſurſace 
of them. But, beſides, that no air could ever be 
produced without water, to obyiate this objection 
more particularly, when one of theſe, retorts was 
giving its laſt, portion of air, I immerſed the mouth 
of it in a baſon of water; and letting it cool in that 
ſituation, filled it again without admitting any ac- 
ceſs of air to the inſide ; and yet, on repeating the 
proceſs with it, the air was produced juſt as freely 
as before. This operation I repeated ſeveral times, 
If it be ſaid, that the outſide of the retort attracted 
the air, ſtill the inſide, being compoſed of the ſame 
materials, muſt have attracted air alſo; and it 
would have appeared by the aſcent of the water from 
the baſon, the retort being ſufficiently i W ip 
air. | 
By ſome it was imagined, that either thea air © fel 
te Lprocured, or at leaſt the power of the retort 
to contribute to the production of it, was owing to 
ſomething that was tranſmitted. ſrom the burning 
coals, but which could not paſs through glaſs or me- 
"tals. To determine this, I took an earthen tube, 
of the ſame compoſition with the retort, and putting 
A little water in it, placed it, ſurrounded with ſanq, 
in a glaſs veſſel, and this again, ſurrounded alſo with 
Land, in an iron one; and yet the heat tranſmitted 


, 
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through all theſe ſubſtances, enabled the onthe 
tube to give air, in the ſame -proportion, and of the 


ſame quality, as it would have done. if e 


expoſed to the naked firme. 
Having now procured air, by means of water, in 


a very ſimple, and as I thought, an unexception- 


able manner, I wiſhed to make it in greater quan- 
ities, in proportion to the water employed; and 
for this purpoſe I firſt thought of increaſing the ſize, 
or the thickneſs of the porous retorts ; but I thought 
it might anſwer as well if I put into the retort, in 


powder, che materials of which they were i i 


other ſubſtances ol the ſame kind. 


tity of air much beyond my expectation. In the 
firſt trials, in which I had much flint and a little 
clay, I never failed to get 200 ounce meaſures of 
ait from one of water. Then, uſing more clay and 
leſs flint, I had ſtill more air; and at laſt, leaving 
out the flint altogether, and uſing clay only, I never 


falled to get much more than 400, and generally 


between 500 and 600 ounce meaſures of air from 


one of water, which was about three fourths of the 
weight of the water ; and in one particular proceſs 
I procured very little leſs than nine tenths of the 


weight of the water in air, and this air was never 


much leſs pure than that of the atmoſphere. Some- 
Ze 2 times 


Accordingly, by mixing ground flint and clay in 
various proportions, I preſently increaſed the quan- 
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times it could not be diſtinguiſhed from it at all by 
dhe teſt of nitrous air; and once or twice [ thought 
tit even purer than that of the armoſphere. 

I muſt here obſerve, that 1 found it not conye- 
nient to put ſo much water to any quantity of clay 
da would make it cohere in one maſs, but only ſo 
much as that it ſhould remain in the form of pow. 
der. By this means it might eaſily be poured out 
of the retort when the experiment was over, 

The weight of the water expended in this pro- 
auction of air 1 aſcertained, in the molt unexcvp- 
tionable manner, by weighing the retort, with all 
its contents, before and after the proceſs, 1 jr 
explain this by the reſult of two of the proceſſes. 
one of them, the retort and moiſtened clay nevi 
loſt in weight 588 grains, after yielding 74.1 Ouhce 
meaſures of air, which (in the proportion of fix 
grains to one ounce meaſure) would have weighed 
444 grains, and conſequently,” abour three "Kurchs 
ö of the weight of the water.. 

In the other proceſs, the loſs of weight was 358 
grains, after yielding 556 ounce meaſures of alr, 
Which would have weighed 333 grains. The pro- 
portion, therefore, between the weight of the air 
and that of the-water was ff to 116, or nearly 
nine to ten. 

1 alſo Ui de u & men ben W. Thad 


ere applied was neither neceſfiry nor uſe- 
ful. 
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ful, In the laſt mentioned. proceſs the retort was 
conſtantly ſuſpended abgut ſix inches above a mo- 
derate charcoal fire; at another time more than 
twelve or fifteen inches above it, where 3 Fahren- 
heit's thermometer did nat ſhey more than 285 
With this moderate heat J got 465, qunce meaſures 
in the cqurſe of about twelve hours. When the re- 
tort was ſuſpended within fix inches. of the fire, the 
air was generally produced at the rate of thirty ounce 
meaſures in five minutes. But a thermometer, the 
bulb of which was immerſed in the clay, was i 
only at the heat of boiling water. MY 

In all theſe proceſſes, howeyer, there was 3 
ly ſame loſs of water; for, excepting the firſt expe- 
riment with the lime, I never got the whole. weight 
of the water in air; and it might be {aid that I only 
expelled the air before contained in the water, though 
fram theſe experiments it appeared to contain much 

more air than it had been thought capable of con- 

taining. To obviate this obje&ion, I contrived to 
catch all the water that eſcaped through the poet 
the retort in the following manner, >, 

Having put the moiſtened clay into an earthen 
tube, to which I had fitted a cock and a long glaſs 
tube (by means of which I could collect all the air 
that came from it) I put this within an iron tube, 
which was cloſed at the end next the fire, but open 
at the other end, and ſo long that I could cafily 
2 1200 Ee 3 keep 
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keep this open, and quite cool, while the other was 
in the fire; conſequently, whatever water 
through the pores of the earthen tube, it would be 
condenſed in the eool part of the iron one. This 
water I carefully collected, and always found that 
the weight of it, together with that of the air pro- 
duced in the experiment, was nearly that of the ori- 
ginal weight of the water, eſtimated by the loſs of 
weight in the earthen tube and its contents, I alfo 
found, that the water ſo collected ſerved for the pro- 
duction of more air, juſt as well as any other water 
whatever, ſo that there had been no decompoſition 
of the water in the caſe, 

In the laſt proceſs that I went through of this 
kind, the loſs of weight in the earthen tube, or ra- 
ther of the water contained in it, was 392 grains; 
the air collected was 173 ounce meaſures, which 
would have weighed eighty nine grains, and the wa- 
ter which eſcaped through the pores of the earthen 
tube, and which I collected, was nearly 195 grains; 
ſo chat the air and this water together weighed 302 
grains, or ten grains more than the original water, 
But as [ eſtimated the weight of the water only by 
the ſpace which it occupied in a cylindrical glaſs 
tube, divided according to ounces and parts of 
ounces of water, it was not eaſy to avoid an error 
of a few grains. At other times there was an error 
412 mall magnitude on the other fide, But it will 


appear 
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appear hereafter, that more ſteam muſt have eſcaped 
eee ahaha he iron rube than I 
was aware of. 

That eee. voce Ee, re- 
tort at the ſame time that the water was making its 
eſcape out of them, I thought 1 aſcertained pretty 
ſatisfactorily by immerſing the bulb of it in mercury, 
contained in an iron veſſel. In theſe circumſtances 
I obtained air as uſual, only the produce was not 
ſo rapid. In this way, however, I procured above 
an hundred ounce: meaſures of air from moiſtened 
clay; and 1 diſcontinued the proceſs without per- 
ceiving any termination of it. But the moment the 
retort was raiſed out of the mercury, it gave air 
chree times as faſt as it had done before. The qua- 
lity of the air was the ſame in both caſes, viz. a 
little worſe than that of the atmoſphere. 

I even collected thirty ounce meaſures of air when 
the. bulb. of the fame retort was immerſed in hot 
linſeed oil; but the production of air gradually 
ceaſed, and the next day I found the retort almoſt 
full of the oil, which had ſoaked through it. Diſ- 
tilling this oil, I got 300 ounce meaſures of air 
wholly inflammable, except 'a very few ounce 
meaſures at the laſt, which were only phlogiſti- 
Another preſumption in favour of the generation 
of our atmoſphere from water was, that the * of 
(4 Ee 4 - the 
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the air that I produced from it is ſo very nearly the 
ſame with that of the atmoſphere. And the degree 
of heat requiſite to produce it is no greater than may 
be given by the rays of the ſun in certain circum- 
ſtances. Subterraneous fires, however, would be 
abundantly ſufficient for the purpoſe, as it appeared 
to be ſufficient for the converſion of water into re- 
ſpirable air, that it come into contact with clay, and 
perhaps many other earthy ſubſtances in the form 
of vapour. I muſt, however, obſerve, that When 
I threw the focus of a burning lens upon a quantity 
of moiſt clay, either in Uacuny or in common ur, I 
got no air fromm it, 2 40 
I made this emen eee 
poſed in an open diſn, and alſo confined in a ſhort 
earthen tube. Had 1 then proceeded-to repeat this 
laſt proceſs with a communication between the in- 
fide of the earthen tube and the external air (as I 
then propoſed to do, but was prevented) I ſhould 
much ſooner have diſcovered what I did afterwards, 
vis. that there was no real ane of water: into 
| air in this proceſs. Kat 
The difficulty that ſtrikes ic moſt for 
cibly, is the want of analogy between the converſion 
of water into air with any other known facts in phi- 
 loſophy, or in nature. But admitting that this con- 
verſion is effected by the intimate union of what is 
called the principle of beat with the wur, ip 


8 
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to me to be ſufficiently analogous to other changes, 
or rather combinations, of ſubſtances. Is not the 
acid of nitre, and alſo that of vitriol, a thing ap = 
unlike to air as water is, their prapertirs being as 
remarkably different? And yet it is demonſtiabis, 
that the acid of nitre is convertible into che pureſt 
reſpirable air, and agreed OO 
fame principle of heat. 1:3 154151 5 
By the ſame proceſs by which reſpirable: * 
ſeems to be made from water, inflammable'air may : 
certainly be made from liquid ſubſtances contain-- | 
ing phlogiſton. Making ſpirit of wine to boil in 
a glaſs retort, I made the vapour paſs througi the 
ſtem of a hot tobacco pipe, and found that it was 
all converted into inflammable air, and it was of 
that kind which burns with a lambent white flame. 


But when I let the pipe cool, no air was produced, 
but only vapour, which nenen 
the water. 

Being now maſter of 'a new and ealy proceſs, 
I was willing to extend it to other liquid ſubſtances; 
and I' preſently found, as I then imagined, that, 
by this means, I could give à permanent aerial 


eq 
«Jr f 


form to any liquid ſubſtance that had been pre. 


viouſly thrown into the form 6f vapour. "Your 
When I made the vapour of ſpirit of nitre, heat- 

ed in a glaſs retort, paſs through the ſtem of the 

hot tobacco pipe, I got as pure dephlogiſticated air 


as | , 
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as ever I have- procured from nitre; though the 
cork, by which the retort was connected with the 
pipe, was diſſolved, and muſt have contributed to 
WEIS WEE 6: Aye mixture; of 
| gal 1 

With oil of vittiol I got air b phlo- 
giſticated, ſo that a candle would not have burned 
in it; but this I alſo attribute to the cork, which 
was diſſolved in the proceſs, The reſult was nearly 
the ſame when I uſed water impregnated wich 
vitriolic acid air, though the cork was not diſ- 
ſolyed. But this acid is known to contain much 
phlogiſton, | 

When I uſed water impregnated with fixed al. 
this air was expelled by the heat, and came over 
without any change that I could perceive, except 
that the reſiduum was larger, from the water that 
came along with it. The air I got afterwards 
was .only that from the water, and of the ſame 
quality as if it had not been impregnated with 


fixed air. 


Water impregnated with alkaline air gave neither : 
fixed nor inflammable air, which I had rather ex- 
pected, but only air conſiderably phlogiſticated ; 
though ſome of it was ſo pure that a candle would 
have burned in it, 

i N. B. In all theſe experiments with the tobacco 
| pipe, all the air was remarkably turbid, like milk, 
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and even the common air in the retore before the 
proceſs properly began. l b 
In this ſtate of the — 1 chink I may 
venture to ſay, that no perſon could have ſeen 
them without concluding that there was a real con- 
verſion of water into air, there being no known 
principle, or fact, in philoſophy, that could have led 
any perſon to ſuſpect a fallacy in the caſe. In this, 
therefore, I muſt have acquieſced, as indeed did 
all my acquaintance, even 'thoſe who had been' the 
' moſt incredulous on the ſubject, after they had 
themſelves ſeen the experiments. But I was led 
to the farther - proſecution” of this buſineſs, in con- 
ſequence of having obſerved that the | purity of the 
air which I procured depended upon the ſtate of 
that which was immediately contiguous to the 
earthen retort, or tube, in which I ſuppoſed the 
converſion to have been made ; and that fome com- 
munication with the atmoſphere was neceſſaty to 
the production of any air, as in the experiment 
with the digeſter, and thofe with the clay and the 
burning lens. And ſince pure external air was 
neceſſary in order to procure good air, it was con- 
cluded by ſeveral of my friends, and eſpecially Mr. 
Watt, that the operation of the earthen retort was, 
to tranſmit phlogiſton from the water contained in 
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the clay to the external air; and that the water, 


thus dephlogiſticated, was capable of being con- 
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vented into reſpirable air by the n union of 
the principle of heat. . 

In order to aſcertain what the W 
extainal air in this caſe really was, I incloſed an 
earthen retort filled with moiſtened elay, in a large 
glaſs receiver, open at both ends, through the upper 
erifice of which (being narrow) T thruſt the neck 
of the retort, luting it ſo as to be perſectly air tight; 
and placing the receiver in a baſon of water, by 
which the air within was cut off from all- com- 
munication with the external air, I fitted to the 
mouth of the retort a glaſs tube, through which I 
could receive whatever was produced in the pro- 
 ceſ6®, In this ſituation I heated the retort, by 

means of Mr. Parker's excellent burning lens, when 
air was received through the tube communicating 
with the infide of the retort as uſual ; but at the 
ſame time the water roſe within the receiver. 
This effect might be owing-to a phlogiſtication of 
the air within the receiver; but it was ſoon dimi- 
' niſhed far beyond the utmoſt limit of that proceſs, 
ſo that very little of it remained ; and examining 
this air, I found it to be nearly the ſame with that 
o 
from the retort. 


- yl. vn. fig. 1. exhibits a view of the aiſpoſition! of the apparatus 
in this experiment, ana in many others 6f the fame nature. 
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- This experiment tmade/ir probable, that the alt 
on the outſide of the receiver had a&ually paſſed 
difough it; and yet it was contrary to all the 
known principles of hydroftatics, and. eve! any 
thing hitherto known in chemiſtry, that air ſhould | 
be tranfifiltted” through à "veſſel ef this" kind,” and 
in a direction contrary to that in which it would 
have been forced by the preſſure of the atmoſphere z 
while the water, with which the clay was mviſtened, 
went the 'other way. For had the retort been 
pervious to air; as the inſide had a free cbintnu- 
nication with the atmoſphere, the water could not 
have riſen within the receiver. This, however, 
appeared to be the caſe iy the following decile 
experiments. 

Tating Md the earthen retort with ce Moik 
tened day as before, I made the inſide of the re- 
celver perfectly dry, and placed it it a baſbn of 
mercury; when, upon heating the retort as before, 
the receiver was all covered with dew; Which col. 
ding info ops ricked down the ecke r 
 rereiver, and temained upon the mercury, which 
roſe within the receiver, while air was teceived 
from the retort as uſual, I had no doubt, there- 


fore, but that all the water, within the jetort would 


have got through into the receiver. . Spirit of. wine, 
or NR that had the imell of it, was tranſ- 


mitted 
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mitted from the clay through the retort in the 
| 1 ihe the receiver wich. lofamblc al. 
od pon beading the reeors, ie 1am all drama thaounds 
it, and delivered, as ſtrongly inflammable as ever 
by the tube communicating with the inſide of it; 
while the water roſe within the receiver, and even 
covered the retort, which was fixed at the very 
top of it, ſo that hardly any of the inflammable air 
remained within it. In like manner nitrous air 
paſſed through the retort unchanged. | | 
From theſe, experiments it ſeemed. impoſlible 
not to infer, that the clay of the earthen retort, be- 
ing thus heated, deſtroys for a time the aerial form 
of whatever air is expoſed to the outſide of it; 
which aerial form it recovers after it has been tranſ- 
mitted i in combination from one part. of the clay 
40 another, till it has reached the inſide of the re- 
rort, while the vater is drawn ee e eb. 
contrary directionꝰ. | 
Had this hypotheſis been. propoſed a priori, it | 
would, 1 doubt . have been po phy more. ex- 


Ta #2 


= Notwithſtanding this, 1 win oeefently be given, which 
fhew that this is e 
ee , ee 2 LL 


The 
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The great difficulty wich reſpect to the experi- 
ment with the lens is, that the water ſhould paſs 
through the retort one way, and the air the other, 
and yet that the air ſhould not be able to paſs wich- 
out the water. It is alſo not a little extraordinary, 
EEC ˙ OE A GOOG 
ſhould be ſo'nearly equal. | 

{ "3 acomdondebatl; Shame 


ledging my obligation ro Mr. Parker for- the uſe _ 
of his incomparable lens, and his obligingly aſſiſt. 


ing me in the management of it. Indeed; wich- 
out this yery inſtrument, or one of greater power 
auen Wett de me- eee 
experiments could ener ect #gr-: 
ly not to ſo much ſatis faction. X 

Aiken I-wedes the precniing iis ATION 
it was my opinion, that the air which was tranſ- 
mitted through the earthen retort, had loſt" for a 
moment its form of air,” and was properly incor- 
porated with the earth, as fixed air is in lime ſtone, 
and that it had reſumed its aerial form in the in- 
-ſide of the retort; becauſe theſe veſſels had bern 
air tight in all my other experiments. But though 
theſe earthen retorts be ſufficiently. air tight for 
many purpoſes, and we cannot blow through chem | 
: ® By means of ſinall earthen weihte, ef an inch diameter dhe 


bulb, fuch as is repreſented in Pl. VII. fig. 1. the experiment is made 
with ſufficient advantage, with a lens of twelve inches in diarneter, 


when 
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when they are plunged in water, yet unleſs they be 
glazed, they are not ſo air tight, but that, with an 
air pump, air may be drawn through them. Con- 
ſequently, any power acting with the force of an 


the atmoſphere); may. overeome the difficulty of 
air paſſing through the ſmall. pores of ſuch retorts ; 


ont are: ag; many n nn. 


eee 


this caſe is that principle which we call attraction 


of cobghion, or that power by which water is raiſed 


in capillary tubes. But in what manner it acts in 
n being able to explain. 


Much leſs can I imagine how air ſhould paſs one 
| Way, and vapour the other, in the ſame. pores, and 
hay the tranſmiſſion of the one ſhould be neceſſary 
to. the tranſmiſſion of the other. J am ſatisfied, 
however, that it is, by means ſuch pores. as air may 
be forced through, that this curious proceſs is per- 
formed, becauſe the experiment never ſucceeds but 
in ſuch veſſels as, by the air pump at leaſt, appear 
to, be porous, though in all ſuch. But the ſmall- 
neſs. of the pores ſeems to be rather an advantage 


in this experiment; and the ſmalleſt capillary tubes 


al are known to act with the greateſt force. 


A veſt! ſcbopec out of chalk anſwered as well | 


® an earthen-retort; ſo alſo did one of wee 


eee ee, | 
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firſt about a quarter of an inch in thickneſs, and 
then very near an inch, which I got made for the 
purpoſe ; and ſo alſo. did a veſſel of white marble 
of the cloſeſt texture, though it is ſufficiently air 
tight for moſt purpoſes, and nothing but the air 
pump could have convinced me that it had any 
pores. 

In order to ASS wa the "Is al this <q 
I placed the glaſs veſſel through which I tranſmit- 
| ted the rays of the ſun (and which contained the 
air that was to be drawn through the retort) in a 
baſon of mercury, and found that while the vapour 
of water was tranſmitted from moiſtened clay in 
the inſide of the retort, into the inſide of the glaſs 
veſſel (and conſequently the air paſſed the contrary | 
way, ſo as to enable the atmoſphere to preſs the 
mercury into the inſide of the glaſs veſſel) it roſe 
three inches and a half above the level on the out- 
fide of the glaſs. It might probably have riſen 
ſomething higher, if all the water in the clay had 
not then been expended. This was a veſſel made on 
purpoſe, of pipe clay only, and very compact. 
When Þ uſed more porous earthen veſſels, I was 
never able to raiſe the mercury ſo high. For 
when the pores are large, the mechanical action 
occaſioned by the weight of ſuch a column of mer- 
cury counteracts the chemical one, and * 
the tranſmiſſion of the air or ſteam. 

You I --- Ff W 
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Having ſufficiently aſcertained what kind of 
veſſels would anſwer for this experiment, I then 


tried what kind of fluid ſubſtances would, by their 
tranſmiſſion in one direction, promote the paſling 


of the air in the other; and 1 found that oils, as 
well. as fpirit of vine, anſwered this purpoſe per- 
fectly well; and fo alſo did mercury, but not any 
other metal made fluid by heat. 


I The mercury paſſed through the retort in | the 2 
form of a ſubtle black powder ; and on this occa- 


ſion I obſerved that the veſſel of pipe clay with 
which the experiment was made, was ſo far air 
tight, that when I took it to the air pump, nearly 
full of mercury, quite hot from the experiment in 
the ſun, and placed. it upon the plate of the air 


pump, I was not able to force any mercury through 


it. Probably: this black powder -was much more 
attenuated: than mercury in its natural fluid ſtate 
can be. There is alſo a degree. of repulſion be- 
tween white mercury and all glaſs or earthen veſſels. 
This repulſion mechanical preſſure might not be 
able to overcome, though this chemical action could 
do it. It remains, however, to be conſidered, 
how the mercury in this proceſs could be chang- 
ed from its natural fluid ſtate into this black 
powder. | thy 4 5 | 
While I was making theſe experiments with. 
Mercury, I took the opportunity of trying * 
5 4 


my — e of 23 
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the kinds of air that cannot be confined by water ; 
and having filled the glaſs veſſel with alkaline air; 
and having mercury in the veſſel of clay, I foon 
found, by the ſmell, that the alkaline air was paſſing 
one way, while the mercury went the other, Juſt as 
readily, I doubt not, as inflammable or nitrous 
air had gone one way, n water had wn the 

other; ; 

Of the metals in ae of fluidity, I tried lady. 
tin, zinc, and biſmuth; melting them in porous 
earthen retorts; but ee eee ee ec 
one way, or air the other, 

I made ſome attempts to perform this experi- 
ment with veſſels which had vjſible pores, eſpecially 
with fine capillary tubes of glaſs; having the ſtop- 
pers of the glaſs tubes made with fine perforations 
of this kind, but hitherto without ſucceſs ; and yet - 
I do not abſolutely deſpair of ſucceeding in an ex- 


periment of this kind, and thereby ſeeung a little 
ee eee 


Ft 4 1 PRs 
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SECTION ii. 
Experiments % Ether, 
T is Gmething extraordinary that, though ether; 
as I found, cannot be made to aſſume the form 


of air (the vapour ariſing from it by heat, being 
ſoon condenſed by cold, even in quickſilver). yet 


that a very ſmall quantity of ether put to any kind 


of air, except the acid, and alkaline, which it im- 
bibes, almoſt inſtantly doubles the apparent quan- 
tity of it; but upon paſſing this air through water, 
it is preſently reduced to its original quantity again, 
with little or no change of quality. 

I put about the quantity of half a nut ſhell full 
of ether, incloſed in a glaſs tube, through a'body 
of quickſilver, into an ounce meaſure of common 
air, eonfined by quickſilver; upon which it pre- 
ſently began to expand, till it occupied the ſpace 
of two ounce meaſures. It then gradually con- 
tracted about one ſixth of an ounce meaſure. Put- 
ting more ether to it, it again expanded to two 
ounce meaſures; but no more addition of ether 
would make it expand any farther. Withdrawing 
the quickſilver, and n water to this air, 

a without 
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without any agitation, it began to be abſorbed; 
but only about half an ounce meaſure had difap- 
peared after it had ſtood an hour in the water, But 
by once paſling it through water the air was re- 
duced to its original dimenſions. Being tried by 
a mixture of nitrous air, it appeared not to be fo 
good as freſh air, though the injury it had. received 
was not conſiderable. | 

All the phenomena of dilatation and coneraſhion 
were nearly the ſame, when, inſtead of common air, 
I uſed nitrous air, fixed air, inflammable air, or 
any ſpecies of phlogiſticated common air. The 
quantity of each of theſe kinds of air was nearly 
doubled while they were kept in quiekſilver, but 
Fixed air was not ſo much increaſed as the reſt, 
and phlogiſticated air leſs, But after paſſing through 
the water, they penned oe; to Gre Mrs 
changed by the proceſs, 
| — were tninls'! ids-wiithelhe 
ether. Having, ſince, procured a quantity of ni- 
trous ether, made by Mr. Godfrey, I had the curi- 
oſity to try whether this would produce the ſame 
effect; but I found that it increaſed common air 
only about one ſixth of its bulk. After this mix- 
ture had continued two days and a night, water 
abſorbed the ether, and left the common air exactly, 
We ee Wann Judging by the 


Fra SEC. | 
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SECTION. W. 


Of the Diffrence of the Quantity of Air by the rapid 
| Production of. it. 


Have more than once found, that when I ex- 
1 pelled air from ſeyeral ſubſtances by heat, the 
produce was different in quantity, according as 
the heat was ſlowly or ſuddenly applied; though, at 
the laſt, it was always made the ſame, and was con- 
tinued as long as any air could be produced. The 
firſt obſervations 'of the kind were thoſe in which 
inflammable air was produced from vegetable and 
animal ſubſtances. I afterwards made another ex- 
periment of the kind in the production of dephle- 
gifticated air from red lead and ſpirit of nitre; 
uſing every precaution that I could think of to 
prevent my impoſing. upon myſelf, with reſpect to. 
a circumſtance which, I own, appears rather extra- 
ordinary. I imagine, however, that when the heat 
is applied ſlowly, ſome parts. of the ſubſtances, that 
are leſs diſpoſed to volatilize, become, by degrees, 
accuſtomed, as it were, to bear a force, which, if it 
had been applied ſuddenly, would have e 

bro 
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broke their coheſion with the reſt; which is in 
ſome meaſure ſimilar to what is obſerved with re- 
ſpect to the load Bone, which will ſuſtain more 
weight when it is applied gradually, than it can be 
made to do when it is applied all at once, 

From equal quantities of the ſame red lead, with- 
out any mixture of ſpirit of nitre, and uſing the 
ſame gun barrel, I got, by means of heat ſuddenly 
applied, more air than I got by heat applied flowly 
in proportion of ten to Ar. The proportion of 
fixed air was the ſame in both the caſes, and the 
remainder equally dephlogiſticated. | 
Moiſtening a quantity of red lead very well with 
ſtrong ſpirit of nitre, and putting equal quantities 
of it at different times into the ſame gun barrel, 
in the firſt proceſs I applied the heat pretty ſud- 
denly, and in the ſecond very ſlowly; and in the 
firſt I got three times as much air as in the other. 
The air was alſo equally pure in both theſe caſes, 
and contained equal proportions of fixed air; but 
towards the end of the lower proceſs the air be- 
came nitrous, 

From an ounce of bed lead, by a ſudden and 
briſk heat I got above two quarts of air, a great 
part of which was fixed air, and the reſt was about 
twice as good as common air; and immediately 
after, putting the very ſame quantity of the ſame 
parcel of red lead into the ſame gun barrel, by heat 

Ff4 | very 
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very ſlowly applied, but urged vehemently at laſt, 
I got no more than two ounce meaſures of air, a 
great part of which was fixed air, and the reſt not 
ſo good as common air, 
From an ounce and a half of whiting, in a gun 
barrel, I got, with a ſudden and great heat, 240 
ounce meaſures of air, of which ſome portions 
contained nine tenths of fixed air, and the reſiduum 
burned with a lambent blue lame. Repeating the 
ſame proceſs very ſlowly, 1 got no more than 150 
ounce meaſures of air from the fame quantity of 
whiting. And again repeating the proceſs with a 
greater and more ſudden heat than at firſt, — 
from the ſame quantity of materials, 270 ounce 
meaſures of air. 


SEC- 
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SECTION V. 


aan an the dune: of Aber Kinks of 2h 


F that havy no mutual Aion. 


Co vities, and other remarkably different proper- 
ties of different kinds of air, it might naturally 


enough be taken for granted, that thoſe which dif- 


fer very much in ſpecific gravity at leaſt, would ſe- 
parate from each other after they were mixed, the 
heavier occupying the lower place, and the lighter 


the upper; and that, by this means, the heavier 


kind of air might be made to expel the lighter, if 
there ſhould be an opportunity for its eſcape from 
the upper part of the veſſel. As different kinds of 


air will often be unavoidably mixed in a variety of 


experiments, I thought it a matter of ſome conſe- 


quence to aſcertain preciſely how the fact was in this 


reſpect; that I might not, upon any occaſion, de- 
ceive myſelf, by imagining that I had one kind of 
air only, when, in reality, I might have a much 
greater F ſome other kind thas I fuſ- 


The 


ONSIDERING the very different ſpecific gra- 
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The reſult of my trials has been this general con- 
cluſion ; that when two kinds of air have been 
mixed, it is not poſſible to ſeparate them again, by 
any method of decanting, or pouring them off, 
though the greateſt poſſible care be taken in doing 
it. They may not properly incorporate, ſo as to 
form a third ſpecies of air, poſſeſſed of new proper- 
ties; but they will remain equally diffuſed through 
the maſs of each other; and whether it be the up- 
per or the lower part of the air that is taken out 4 
the veſſel, without diſturbing the reſt, it will co 

tain an equal mixture of them both. 
Aſter ſome experiments with common phials, but 
which I rejected, from the conſideration that the 
agitation of the air within the phial, by the letting 
in of the water, would neceſſarily mix the two kinds 
of air contained in it, though they had been ever ſo 
carefully ſeparated, I avoided that inconvenience, 
by making the experiments in the following more 
accurate manner, applying it to all the kinds of air 
that will bear to be confined by water. 

Into a cylindrical veſſel, which I could open at 
both ends, having ground ſtoppers fitted to them, I 
put equal quantities of fixed and common air; and 
after ſuffering them to continue a whole day, the 
veſſel remaining in a perpendicular poſition, in 
which they had opportunity, and time enough, to to 
have ſeparated from each other, I very carefully 
| let 
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let out the contents of the upper part of the veſſel 
only, the water entering ſlowly at the lower open-* 
ing; and put the remainder, which had occupied 
the lower part of the veſſel, into a ſeparate phial; 
then examining them one after the other, I found 
no ſenſible difference between them, equal propor- 
tions of both being abſorbed by water, If there 
was any difference, it did not, however, exceed the 
trifling one in the next experiment, made with an 
eight ounce phial, in the bottom of which I had 
made a hole, by which the water might enter as 
the air was let out at the mouth of it, | 

This phial I filled with equal quantities of fixed 
and common air; and after a conſiderable time, I 
let off the upper part, while the water entered be- 
low; and obſerved that, of the four meaſures which 
had occupied the upper part of the phial, two and 
an half remained unabſorbed by water, and of the 
lower part, two and a quarter; ſo that there was a 
little more fixed air in the lower than't in the upper 
part of the veſſel. 

Having mixed equal quantities of inflanmable and 
nitrous air in the phial which had a perforation at 
the bottom, and letting it out in five different parts, 
] obſerved that they all burned with a lambent 
fame, without any ſenſible difference between 
them. | | 


- Ted 
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'F * in the ſame manner a mixture of nitrous 
and common air, and after letting them continue to- 
gether all night, found that the lower part of this 
mixture diminiſhed common air a little more than 
the upper part; but the difference was very ſmall. 

I put together equal quantities of nitrous and fixed 
air, in the perforated phial; and decanting it at ſe- 
veral times, with the ſame care as before, and mix- 
ing the ſeveral parts with common air, could obſerve 
no ſenſible difference in the diminution produced by 
any of them. 

Fixed air is equally diffuſed through the whole 
maſs of any quantity of air from putrefying ſub- 
ſtances with which it is mixed; for dividing the 
mixture into two equal parts, they were redueed 

in the ſame proportion by paſling through water. 
This is alſo the caſe with inflammable air, and air 
in which ſulphur has burned, 

At the ſame time that I was trying the purity of 
fixed air, I had the curioſity to endeavour to aſcer- 
. tain whether that part of it which is not miſcible in 


water, be equally diffuſed through the whole maſs 12 


and, for this purpoſe, I divided a quantity of about 
a gallon into three parts, the firſt conſiſting of that 
which was uppermoſt, and the laſt of that which 
was the loweſt, contiguous to the water; but all 
theſe Parts were reduced in about an equal propor- 


5 tion, 
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tion, by paſſing through the water, ſo that the whole 


maſs had been of an uniform compoſition. . 
Having filled the ſtrong glaſs veſſel, in which I 
uſually fire them by the electric ſpark, with the 
uſual mixture of one third dephlogiſticated and two 
thirds inflammable air, I let it remain in a perpen- 


dicular poſition, all night, in which there was cer- 
tainly time enough for them to have ſeparated from 


each other, if their very different ſpecific gravities 
would have diſpoſed them to do ſo, But though 
the two wires between which the exploſion i is made 
were at the very top of the veſſel, which in the caſe 


of a ſeparation would have been the region of pure 


inflammable air (which cannot take fire of itſelf} 


yet when the ſpark paſſed between them, the two 
kinds of air were exploded as completely as they 


could have been immediately after they had been 
mixed. 
It is. alſo. obſervable, that the phlogiſticated and 


dephlogiſticated air which compoſe the atmoſphere, 


are of very different natures, though without any 
known principle of attraction between them, and 


alſo of different ſpecific gravities ; and yet they are 
never ſeparated but by the chemical attraction, of 
ſubſtances, which unite with the one, and leave the 


other, as in all thoſe proceſſes which I have termed | 


pblo tic. 


„ 
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The ſame is the caſe with common air and alka- 
line, or any of the acid airs. For though all theſe 
kinds of air differ in ſpecific gravity from common 
air, yet if they be mixed with common air, and 
water be admitted to them, the quantity will de- 
creaſe more or leſs ſlowly in proportion to the quan- 
tity of common air in the mixture. Whereas, if 
the alkaline or acid airs had been heavier than the 
common air (as the latter, at leaſt, manifeſtly are) 
and did not mix with it, the water would abſorb - 
them as readily as it does when the jar contains no 
other kind of air; as, on the other hand, if the 
common air had been the heavier, it would have 
protected them from the acceſs of the water, which 
would not, in this caſe, be able to come at the acid 

or alkaline air, and therefore could not abſorb any 
part of the quantity. I have noted, however, one 
exception to this rule reſpeCting alkaline and inflam- 
mable air, which did not ſeem to mix together.. 

I have ſince made a mixture of vitriolic acid air 
and fluor acid air, and find that they continue inter- 
mixed throughout. I mixed equal quantities of 
them in a jar of quickſilver, and obſerved, that 
when water was admitted to the whole maſs, the 
cruſt was formed equably from the bottom to the 

top of the * 


Notwithſtanding 
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Notwithſtanding theſe experiments, I do not ſay 


but that if two kinds of air, of very different ſpe- 


cific gravities, were put into the ſame veſſel, with 
very great care, without the leaſt agitation that 
might mix or blend them togerher, - they might 
continue ſeparate, as with the ſame care wine and 
water may be made to do; but that, when onde 
they have been mixed, they will continue to be ſo, 


like wine and water, after having been ſhaken roge- 8 


ther. 
From the experiments above recited, it will fol- 


low, that when fixed air, or air of any other 
kind, is conveyed into a veſſel containing common 


air, a quantity equal to the contents of the whole 


veſſel muſt be thrown in, before half of the common 


air be expelled ; becauſe half of the air that is intro- 


duced will always be expelled along with it; that 
after another equal quantity, ſtill one fourth of the - 


common air will remain; and after n gon 
eighth, &c. | R 
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SECTION VI: 
- Of the Expanſion of different Kinds of Air by Heat. 


ROM a very coarſe experiment, which I made 
very early, I concluded that fixed and com- 
mon air were expanded alike with the ſame degree 
of heat, But by the method which I then made 
.uſe of, it was not poſſible to diſcover ſmall differ- 
| ences in this reſpect. I have ſince attempted it in 
another and more accurate manner, and have applied 
it to all the kinds of air with which I am acquainted ; 
and though I do not think that the reſults can bo 
antirely depended on, on account of the difficulty | 
that I found in making the experiments, and my 
not having time to repeat them ſo often as I 
could have wiſhed, it may not be amiſs to give 
an account of what I did obſerve, though it 
ſhould only be a means of putting others upon 
doing the ſame thing in ſome better manner, arid 
with more attention. 
took a phial, containing thirteen ounce mea- 
ſures of water, and filled it ſucceſſively with all the 
different kinds of air, having been previouſly made 
| very 
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very dry, and filled with quickſilver. Then hold- 
ing the mouth of it under the quickſilver, I in- 
ſerted into it a perforated cork, to which was an- 
nexed a long glaſs tube, as is repreſented, Pl. V. fig, 5, 
leaving a little quickſilver in the neck of the phial, 
that the expanſion of the air might drive it along 
the tube. This phial, ſo prepared, I placed in a 
ſmall wooden box, and carrying it into a warm 
room, carefully marked the place at which the 
quickſilyer ſtood after it had become perfe&tly ſta- 
tionary in that degree of heat. Then carrying it 
into a colder room, and letting it remain there a 
fufficient time, I marked the place in which it ſtood 
in that degree of heat, having a Fahrenheit's ther- 
mometer accompanying it in each ſituation. I then 
carried it back into the warm room, and obſerved 
whether the quickſilver roſe to the ſame place as 
| before; and after uſing other little precautions, to 
prevent any miſtake, I found the following inter- 
vals in the place of the quickſilver in the different 
kinds of air, the ſame phial and the fame glaſs tube 
being uſed in all the caſes. The quantity anſwer- 
ing to ten degrees was made by computation, 
to ſhew the proportional expanſion at one eaſy 


view, 
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The diſtanee 


2 — 
In common air 34 and 489 was 1.85 1.32 
—Inflammable 34 48 2.879 2.05 
—Nitrous 33 50 3.44 2.02 
Fixed 3 50 3.97 2.20 
Marine acid 32 36 24.48 3:33 


— Dephlogiſticated - 32 55 4-2 2.21 
—Phlogiſticated 32 51 3.15 1.65 
— Vitriolic acid 32 48 3.70 2.37 
Fluor acid WV 2.83 2.83 
Alkaline f. OY 


The expanſion of the alkaline air in this experi- 
ment will appear extraordinary; but I muſt obſerve 
that there was a little moiſture in the phial, which 
had been expelled from the materials together with 

air ; and to this water, emitting more air by heat, 
I am inclined to aſcribe the much greater dilatation 
of this than of the other kinds of air ; and at that 
time I could not conveniently repeat the experument, 
not having any better. materials at hand. 
That inflammable, nitrous, and phlogifticated air, 
containing more phlogiſton than common air, 
ſhould expand more with equal degrees of heat, is 
| agreeable to analogy, the ſame thing being obſerved 


in 
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in fluids: but how it ſhould happen that dephlogi/ti- - | 


cated air, which contains leſs phlogiſton, ſhould 


expand more than common air, I do not ſee, and 


therefore I wiſh that the experiments might. be re- 


peonad in ſors bear aan: 


S E = TION mt. 
Of te Jpetifi Gravity s different Kinds * Atv." 


N order to e the ſpecific gravity ot de- 
phlogiſticated, and otlier Kinds of air, I took a 


4 


glaſs tube about nine inches long, and faſtening it 


to the neck of a bladder, which, with ſuch a de- 
gree of diſtenſion as I could give it, in the manner 
in which the experiment was made, contained fifty 
five ounce meaſures, or one perinyweight nine grains 


of common air. The tube was ſo faſtened, that 


could take it out at pleaſure ; and having the blad- 
der thus prepared, I carefully compreſſed it, then 


filling ic in part with that kind of air which I was 


G g 2 about 


/ 
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about to weigh, 1 compreſſed it again, aut then 
flllled ix intirely; ſo that I was pretty confident that 
the air within che bladder contained very little com- 
mon, or any other kind of air. In this manner F 
proceeded to weigh depblogiſticatad air; and at the 
ſame time nitrous air, and air phlogiſticated with iron 
filings and ſulphur, which I take for granted is the 
ſame INE 20 NING Bp. any "a 
proceſs. 

The following ſhort table exhibits the reſult of 
IA e 608 view. 


The bladder, filled with dwts. gr. 

phlogiſticated air, weighed 115 

— ou 7 16 
— — common as 7 


— dephlogiſticared alf PN is 


A eas the is te 
mer obſervations, though they were not made with 
ſo much accuracy, viz, that both nitrous air, 


audi air diminiſhed by phlogiſtic proceſſes, are ra- 
ther lighter than common air; and it is conſonant 


to this, that, in the preſent: experiment, dephlo- 
. * heavier than 
common air. ris | 


I In 
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W pure, that one meaſure of it, and two of R- 

tous air, occupied the ſpace of faur fifths of 2 

meaſure. Had che air been more pure, it nt 
enen ann 

. 0 

; | * 5 f 1 * ' (ON 
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1650 b eee ind . 
£ 4. been made relating to ſound, have been made 
in common air, of which it is known to be a vibra- 
f tion, though it is Hleewiſe known to be eapable of 
being tranſmitted by other ſubſtances. "There 
could be little doubt, however, of the of 
ſound origindting in any other kind of air, as well 
as of being tray/mitted by them; but the trial had 
not been actually made, e 1 


nity of making it. 
promiſed to aſcertain 


Beſides, the experiments 
whether the intenſity of ſound was affected by any 
Gg 3 . Other 
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other property of the air in which it was made than 
the mere denſity" of it. For the different kinds of 
ür in which'I was able to make the ſame ſound, 
| beſides differing in" ſpecific gravity, have -ikewiſe 
other remarkable chemical differences, the influence 

of which with reſpe& to ſound would, at the ſame 
time, be ſubmitted to examination. 

Being provided with a piece of clock work, in 
which was a bell, and a hammer to ſtrike upon it 
(which I could cover with a receiver, and which, 
when it was properly covered up, I could ſet in 
motion by the preſſure of a braſs rod, going through 
a collar of leathers) I placed it on ſome ſoft. paper 
on a transfer, Then taking a receiver, the top of 


which was cloſed with a plate of braſs, through 
which the braſs rod and collar of leathers was in- 


ſerted, I placed the whole on the plate of an air 

pump, and exhauſted the receiver of all the air that 
it contained. Then removing this exhauſted re- 
ceiver, containing the piece of clock work, I filled 
it with ſome of thoſe kinds of air that are capable 
al being confined by water, by means of a bent 
glass tube inſerted into a piece of braſs, which 1 
could ſere into the bottom of the transfer, ſo as 
to introduce the bended tube, through the water of 
my trough, into a jar containing the air on which 
| wide to wave * Aegtes 


* Y 3 1 * 14; 4 


When 
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When this was done; I removed the glaſs tube; 
and had the receiver filled with that ſperies of 
air in which I wiſhed to produce the ſoyrid, and 


the apparatus for making the ſound within iti. Then 


by forcing doern the braſs rod through? the collar of 
leathers, I made the hammer ſtrike the bell, which 
it would do more than a dozen times aſter each 
preſſure. And the inſtrument was contrived to do 
dr mee GUAM Dο D,mq, / W 
Deer ang dg thus pripaces; I had nothing 
to do, aſter filling the ſame receiver with each of 
the kinds of air in its turn, but receding from the 
apparatus, while an aſſiſtant produced the ſound, to 
obſerve at what diſtance I could diſtinctly hear it. 
The reſult of all my obſervations, as far as I could 
judge, was that the intenſity of ſound depends ſolely 
upon the denſity of the air in which it is made, and 
not at all upon any chemical E con- 
ſtitution. | 
In inflammable air the ſound of the bell was 
hardly to be diſtinguiſhed from the ſame in a pretty 
good vacuum ; cd 0028 is ten times rarer than 
common air. 
In fixed air the ſound was mbc louder than in 
common air, ſo as to be heard about half as far 


Gg 4 n 
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again; . eber eee lame proponion 
In air che nd wee ain; 
FFP 
rather more than in the proportion of its ſuperior 
denſity ; eee fl 00% ve CRISP be 
1 1 
In 1 the common ſtandard 
was the found of the ſame bell in the fame re- 
ceiver, every other circumſtance alſo being the 
ſame; the air only been changed, by removing 
the receiver from the transfer, and blowing through 
itz Ke. AME Fan 0 HP 
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net d ee 


eee eee eee heat, and I had 
a contrivance for that purpoſe when/I was at Leeds. 


The thing, however, appearing to me to be of leſs 
conſequence than other things chat I had in view, 


1 deferred it ſome time, till, in conſequence of 


the doctrine of heat becoming, by means of Dr. 


Crawford's book, the ſubject of general converſa- 


FC 
projected. 5 


E 


PL VI. fig. 2, and deſcribed in the Jnroduition. 


The thermometer was a very ſenſible one, and the 


ſeale large, ſo that I could -mark upon it twenty 
diviſions, each larger than half an inch between the 
mean temperature of the atmoſphere, and a heat 
much below that of boiling water. Aſter ſeveral 
cial J at keagch adjuſtd it in fuch a manner, that, 


/ with reſpect to the different kinds of air, was 


— —_Amm_ _y—yhﬀC— 
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having filled the veſſel with any kind of air, 1 
could plunge it to a certain depth, firſt in bot, and 
then in cold water, ſo that the mercury would riſe 
to the diviſion 20, and fall to that of 6 or 7 ina 
reaſonable time. 1 had a' that beat ſeconds 
cloſe by me, and 'was ſo ſituated, that I could not 
well make a miſtake of more than two ſeconds, in 
noting the time when. the mercury came to any 
particular diviſion, The precautions I uſed to 
plunge the veſſel the /ame depth in the water; in 
the experiments, and to exclude all other differenees, 
kinds of air; it would be tedious: to recount; and 
no perſon oonverſant in experiments, and who: is 
en ene abed rae fo. mjaimly 
ſtrobe 3ino> ni dtn oro oat 3 borigtab 1 
I wilt wohin howevery Anden the veſſel 1 
uſed for Bot water,” I- always made it boil, and it 
was ſo full, that the plunging of my air veſſel into 
it made it run over; and the veſſel for cold water 
was always' ſreſh brought from the fame. pump. 
The mouth of the air veſſel was in a cup of mer- 
cury, always filled to the ſame height; and by 
this means I could try in the fame manner even 
— -—_y en ee by | 
m # Markt | 1 

u de eccompriged 0d we of the +eful 
of 'theſs experiments would be to exhibit them in 
ue the 


e* . * 


Set. N. OBSERVATIONS ON AIR, _ 459. 
the form of tables, of the time at which the mer- 
cury reached all- the degrees of the ſcale, both in 
aſcending and deſcending; which tables I have 
drawn up. But this I ſhall defer till I have an op- 
portunity of repeating all the obſervations. At pre- 
ſent-I would only obſerve, that all the differences 
were not ſo ſtriking as I expected to have found 
them, but that infſammable air conducted heat much 
better than any other kind of air, the mercury aſcend . 
ing the ſame ſpace in about half the time that ĩt took 
up in common air. Fixed air, and all the kinds c 
better than the acid airs, and dephlogiſticated air a 
little worſe than common air, but ſo little, that I 
would pot anſwer for the ſame reſult in on 
the experiment. 

N. B. A 
not avoid obſerving ſo, great an expanſion of alkaline 
air by heat, that I conclude the obſervation, p. 450, 
may be perfectly accurate, though the extraqrdinary 
nature of it made me entertain the doubt 1 how 
SUI e 10 


; 5 # 
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SECTION. * 


of naue Poe e e. : 

#27 8 5 
| RIDERING che very den properties 

af the different kinds of air with which J 
have been converſant, it was impoſlible not to think 
of the probability of their having different rgfraFive 
powers, and of ſome method of aſcertaining this 
circumſtance. But I am ſorry to inform my 
ee ee ee 
any ſucoeſs. | 

For this + end a priſm; confiting 
of chree plates of glaſs, faſtened together by 'ce- 
ment, the. cavity being large enough to contain 
about a quarter of a pint. This priſm I fixed upon 
2 ſtand, at che diſtance of ten feet from a window, 
in which I had a ſmall apparatus, contrived to 
throw a beam of the ſun's rays into the room. 
This beam was received by a board, furniſhed with 
a piece of braſs work, containing ſeveral ſmall holes, 
through any of which I could tranſmit a beam. of 
light upon the priſm, which was placed, in a ver- 
tical poſition, cloſe behind it ; and the wall on which 
the 
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che image of the ſun was received was tweny feet 
from the priſm. 

With this apparatus, which I thought promiſing 
enough, I proceeded to try the refraftive powers of 
nitrous and inflammable air; but I could perceive 
v0 difference in the place of the image, whether 
the beam of light was tratiſmitted through the 
priſm, carefully filled with either of theſe kinds of 
air, or not through it; allowance being rads fi) 
a ſmall degres of reſraction occuſioned by 4 
of perfect paralleliſm in the plates of che prim. 
The reſult was the very ſame, whether it contained 


men unde ms 


Having had {6 lets ſoceld vnn de 2#o/verh 
differetit kinds of air, 1 thought it would be in vain 


to try any of the other kinds ; and therefore; for 


1 am not without a defign to reſume it with a dif. 
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©, SECTION x. 
© Of Ar in the Buds of Fi 


. | 
which, I think, may be purſued to conſiderable 
advantage, on the ſtate of the air which is contained 
in the bladders of fiſhes. It is commonly ſuppoſed, 
that. theſe bladders are of no other uſe to the fiſhes 
than to aſſiſt them in riſing or ſinking in the water: 
but I have ſome doubt about this hypotheſis; at 
leaſt they may have ſome other uſe. Some fiſhes, 
I believe, are not furniſhed with: theſe bladders. 
When they are taken out of the fiſh, the air cannot 
be got from them by preſſure, but I was always 
obliged to burſt or cut them; and yet that the air 
does change in theſe bladders, is, I think, pretty 
evident, from my having found it in different 
Ĩ he firſt time that it occurred to me to examine 
the air contained in theſe bladders, I found it, in a 
great number of them, to be perfectly noxious, not 
being at all affected by nitrous air. This was on 
the 31ſt of May, 1774. But at another time, viz. 
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che zoth of March following, I found air that I had * a 
preſſed from the bladders of the ſame kind of fiſhes s * 
viz, roaches, not to be quite noxious, being affected 
by nitrous air, though not to a great degree. I have 
not purſued theſe experiments any farther ; but 1 
ſhould | think that it might not be difficult, by 
diverſifying them properly to make ſome diſcoveries s 
concerning the . the 
wn „ $155, 40 arrival. 
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SECTION x11; 


of Change produced i in various Kinds f Ar hy 25 4 
blur to Urine,” hi 


T2. phlogiſton ethating from aids 
4A animal ſubſtances ſhould ſenſibly affect com- 
mon air, or dephlogiſticated air, which contain 
little or no phlogiſton, and have 'a ftrong affinity 

with it, is far from being extraordinary; but that 
- the fame ſubſtances which phlogiſticate common 
air, or dephlogiſticated air, ſhould likewiſe” affect 
nitrous air, or inflammable air, which already con- 
tain 


464 - MISCELLANEOUS 8 | 


et a nd a La 
plete ſatutation) is a fact that I cannot well explain. 


This, however, I have obſerved to be the caſe 
— — iy hin meme: 
various other ſubſtances on nitrous air. 

+ Inflammiable air 1 have not obſerved to have | 
um impreſſion made upon it by theſe ſubſtances; 
amy more than by the electric ſpark; at leaſt in 
the temperature of the atmoſpheꝶ; though, in 
conſequence of ſimple confinement by water, it has 
at length, in ſeveral inſtances, loſt its inflamma- 
bility, and, like nitrous air in the preceding cir- 
cumſtances, has become mere phlogiſticated air, 
I have ſome ſuſpicion, however, that inflammable 
air may be decompoſed by all the fame ſubſtances 
that decompoſe nitrous air, if more beat, or more 
time, be given to the proceſs; and perhaps what 
1-conſidered as pure water might, in time at leaft, 
have got an impregnation of ſomething that might 
affect the inflammable air, in thoſe caſes in which 
I found. it reduced to the ſtate of phlogiſticated-air. 
Theſe ſuſpicions I have been led to in conſequence 
of obſerving. that arine had this effect, both on 
nitrous and inflammable air; an obſervation which 
I made accidentally, in the courſe of expoling a 
great variety CTC 
god ene 
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very pale, 


Seeing no farther change in due and n 


obſerved its power of emitting and abſorbing air, 
I expoſed to its influence all the kinds of air that 
could be confined by it, in ſeparate ſix ounce phials, 


of which the air of each kind occupied about one 


fourth, the remainder of the phial containing this 
old pale urine; and the phials were inverted in 
baſons of the ſame, and, as it evaporated, were ſup- 
plied from time to time with more urine. 


27th of July, and I obſerved that there was no 
immediate change, either in the inflammable or 
the phlogiſticated air; but the ſurface: of the urine 


in contact with the common air, dephlogiſticated 
air, and nitrous air, from a pale ſtraw colour, pre- 


ſently became of a deep browny and eſpecially next | 


the dephlogiſticated air. The next morning the 


IA 


n Hh 


3 

Among other things, I had filled a glaſs tube, 
about half an inch in diameter, and three feet and 
a half long, with urine, and had placed it inverted 

in a baſon of the ſame. In this ſituation it was 
kept ſeveral months, when it yielded at firſt a ſmall 

quantity of air, all of which was afterwards abſorb- 
ed. After which I perceived cryſtals to be formed 
2X8 of the inſide of the tube, and tlie 

urine, from being of a pretty * ere, became 


Things were diſpoſed in this manner on the 


"> 
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cated air was almoſt black, and extended through 
the whole Phial. But in the phial in which the 
common air was confined, the brown colour ex- 
tended only a little way within the body of the 
urine. Under the nitrous air the urine was pretty 
uniformly brown, but not ſo much ſo as under the 
dephlogiſticated air. A little both of the dephlo- 
giſticated and nitrous air was abo, and n 
an equal quantity of each. | 

The dephlogiſticated air — diminiſhed very 


faſt -and becoming thoroughly. phlogiſticated, I in- 
troduced more of the ſame. air into the phial ; and 


F let all the phials ſtand in this ſituation till the 
22d of July following, when 1 was obliged to put 
an end to the proceſs, and I then noted the follow- 
ing appearances. The common air was diminiſh- 
ed about one fourth, and was thoroughly phlogiſti- 
cated ; the. urine being of an orange colour, but 
not very deep. The dephlogiſticated air, having 
been renewed, was not completely phlogiſticated, 
but was nearly ſo. The nitrous air was diminiſhed 
one half, had changed the urine black, extinguiſhed 
 acandle, and did not affect common air at all, ſo 
that it was mere phlogiſticated air. But what is 
remarkable, this phlogiſticated air was in a much 
greater proportieg than is generally procured from 
- nitrous air. This effect I aſcribe to the length 
9 there are 
| | other 
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other remarkable fats in confirmation of this opi- 
nion. 

"Te OOTY air was a to about 
one eighth of its bulk, and was ſtill ſlightly inflam- 
mable. With more time I doubt not this air 
would have Joſt all its inflammability. " BW urine 
in this phial was of a very pale colour. 

The phlogiſticated air alone W que u ; 
affected during the whole proceſs, and the urine was 
of the ſame colour with that under the common 
air, viz. a light orange; bur this change probably 
came from that part of the urine, which had been 
expoſed to the common air in the cup, and had 
gradually extended itſelf to the urine in the phial. 
If the diminution of all theſe kinds of air was 
owing to phlogiſton, it may be inferred that this 
principle in the phlogiſticated air has a firmer union 
with its baſe than it has in nitrous or inflammable 
air, being leſs capable of either receiving . or 

of parting with what it has got. 

But perhaps the moſt puzzling eum in 

this proceſs is, that the diminution of both the de- 
phlogiſticated and nitrous air ſhould be accompanied 
with the ſame change of colour in the urine ex- 
poſed to them. A ſimilat; change of colour in a 
ſolution of copperas, I thought was owing to the 
* e e 9 from the eue nitious 
” Hh 2 | 1 #43 air. 
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air. But if this was the cauſe of the ſimilar change 
of colour in this caſe, how came the ſame change 
to take place in conſequence of the diminution of 


dephlogiſticated air, this diminution being, no doubt, 
owing to its receiving phlogiſton from the urine ? 
It can hardly be that the ſame change ſhould take 
place in the colour of the urine, whether it contains 


mgre or leſs phlogiſton than it naturally has, Per- 

haps. it may be. ſomething common to the con- 
ſtitution both of , nitrous and dephlogiſticated air, 
and not phlogiſton, that, when they are decompoſed, 
is precipitated, and produces this change of colour 


we 
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HAT. Oe mien of ants W h 
ſome kind or other, and that this air con- 
tributes to the additional weight of the calces, above 
that of the metals from which they are made, had 
obſerved by Dr. Hales; and Mr. Hartley had 
formed me, that when red lead is boiled in lin- 
ſeed oil, there is a prodigious diſcharge of air be- 
fore they incorporate. I had likewiſe found, that 
no weight is either gained or loſt by the heating 
of tin in a cloſe glaſs veſſel; but I purpoſely de- 
ferred making any more experiments on the ſubject, 
till we ſhould have ſome weather in which I cou 
make uſe of a large burning lens, which I h 
provided for that and other purpoſes ; but, it 
mean time, I was led to the diſcovery in a LOT 
manner. | 
Having, by ſome of my early experiments, been 
led to conſider the electric matter as phlogiſton, or 
ſomething containing phlogiſton, I was endeavour- 
ing to revive the calx of lead with it; when I was 
ſurpriſed to perceive a conſiderable generation of 
5 air. 
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air, It dure to me, that pollbly this effect 
might ariſe from the heat communicated to the red 
lead by the electric ſparks, and therefore I imme- 
diately filled a fmall phial with the red lead, and 
heating it with- a candle, I preſently expelled from 
it a quantity of air about four or five times the 
bulk of the lead, the air being received in a veſſel 
of quickfilver. - How much more air it way 
Oy yielded, I did not try. 

© Along with the air, a ſmall quantity of waer 
was likewiſe thrown out; and it immediately oc- 
curred to me, that this water and air together muſk 
certainly be the cauſe of the addition of weight 
the calx. It ftill remained to examine what kind 
of air this was; but admitting water to it, I found 
that it was imbibed by it, exactly like fixed air, 
which | ue gen im pine y * it muſt 


gfe this, I found The Mr. Lavdifier had more 
we A the fame OT 
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SECTION x1v; ty 12 | 
of — — bs aue. 


HEN e 1s boiled ! in a ** — 

V a conſiderable quantity of air is ſeemingly 
diſcharged from it, and it has been imagined by 
ſome that this air d been | in 


the ſpace tv kfilver and 6 
but within the the quickſilver itſelf, If 
this had beer the on dit · muſt have been the pro- 
perty of quit 


07 as bp.” other fluids, to imbibe 
Pohl to produce a change | 
Sr. which it had imbibed, or in 


air, and there 


that which it leflWninibibed. In order to aſcer- 
© tain this, I boiled as mui” quickſilver as one of 


the largeſt of my phials with ground ſtoppers al 
tubes would contain, taking care to exclude al the 
air that I could get from it by the common me- 
thods before this operation; and having got a ſmall 
quantity, I found it to be common air only, ap- 
plying to it the teſt of nitrous air. It was pro- 
bable, therefore, that this air had not been expelled 
from the body of the quickſilver itſelf, but only 
from between the quickſilver and the glaſs. 


After 


& 


* 


1 8 axtous 


A Atte this, in ord 2 try aher, 
depriyed of all air, had the power of imbibing air, 
I boiled a pretty large quantity of quickſilver, for 
35 near half an hour, and while it was very warm, 1 

„ eee 

1 quickfilyer, left a quantity 
| ſurface- of it. This air was contracted with cold, 
but was not ſenſibly affected in any other manner. 
"op For ü days, when 25 8 | that the di- 
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